THE SIMPLE, BLAND, STERILE 
4 


Always ready—always sterile: 
lubricant, |, WASELINE Sterile Petrolatum Gauze 


sterile dressings sings are so handy and so useful 
for burns and Dres colimaes dy 


' wounds of | wherever an emollient, non-adherent, 
wurgicel origin non-irritating, and non-macerating 
Covering, Packing, or Drainage 
material is indicated, for emergency or 
routine application. From compact 
foil-envelopes, they may be cut into 
ing. separcbie, or pads of various dimensions, 
a =—— or folded, or used full-length. Fine- 
material for» meshed absorbent gauze (44/36, 
pings packs, I, U.S.P.) preverits growth of 
tampons granulation tissue through gauze. The 
light, even impregnation with sterile 
petrolatum (white petroleum jelly 
rr U.S.P.) avoids danger of tissue 
non-sticking, | maceration. 


as wick or drain CHESEBROUGH MFG. CO., CONS'D 
PROFESSIONAL PRODUCTS DIVISION 
NEW YORK 4, N. Y. 


Vaseline 


Trade-Mark ® 
Sterile 
In Two Convenient Sizes: 


 Letrolatum Gauze 


6 envelopes to the carton 


Dressings 


6 envelopes to the carton 


IN BURNS, WOUNDS, AND MANY SURGICAL PROCEDURES 


Available through your 
regular source of supply 
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Doctor... 


Here are two great Spot Tests 


that simplify urinalysis... 


GALATEST 


The simplest, fastest urine 
sugar test known. 


ACETONE TEST! 


(DENCO) 


For the rapid detection of Acetone 
in urine or in blood plasma. 


A LITTLE POWDER... 
A LITTLE URINE 


COLOR REACTION IMMEDIATELY 


Galatest and Acetone Test ( Denco )... Spot Tests 
that require no special laboratory equipment, liquid 
reagents, or external sources of heat. 

One or two drops of the specimen to be tested are 
dropped upon a little of the powder and a color re- 
action occurs immediately if acetone or reducing sugar 
is present. False positive reactions do not occur. Be- 
cause of the simple technique required, error resulting 
from faulty procedure is eliminated. 


Both tests are ideally suited for office use, laboratory, 
bedside, and “mass-testing.” Millions of individual 
tests for urine sugar were carried out in Armed Forces 
induction and separation centers, and in Diabetes 
Combination Kit: Contains both tests, a 
dropper and color chart. Available at all Detection Drives. 
drugstores and surgical supply houses 

The speed, accuracy and economy of Galatest and 
Acetone Test (Denco) have been well established. 


BIBLIOGRAPHY Diabetics are easily taught the simple technique. 
Acetone Test (Denco) may also be used for the detec- 
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SALT 


without 


SODIUM 


When cardiac failure, hypertension, arteriosclerosis, 
or pregnancy complications call for a sodium free diet, 
you can let your patients have 
salt without sodium: Neocurtasal, 
a completely sodium free seasoning agent. Neocurtasal 
looks and is used like regular table salt. 
Constituents: Potassium chloride, ammonium chloride, 
potassium formate, calcium formate, NEOCURTASAL, 
magnesium citrate and starch. Potassium content 36%; trademark reg. 
chloride 39.3%; calcium 0.3%; magnesium 0.2%. U. S. & Canada 
Available in convenient 
2 oz. shakers and 8 oz. bottles. 
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Testing gas mask canisters to be sure they will conform 
to U. §. Bureau of Mines requirements. Tests are made in 
initial experimental stage a also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


APPROVED 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


Since the very beginning of the war on developed and perfected to filter out 


occupational diseases of the respirator dusts, fumes, mists, gases and vapors 
system, Willson has cooperated wit found in industrial atmospheres. Today, 
outstanding authorities to overcome the more U. S. Bureau of Mines approvals 
hazards contributing to such ailments. have been granted to Willson Products, 
Through continuing research, many Inc. for such equipment than any other 
respiratory protective devices have been manufacturer. 
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_WILLSON_ 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 


compret® 


The heart of 
a 


chick embryo 


Removed and minced aseptically, the heart frag- 
ments are used in a test demonstrating the minimal 
tissue toxicity of Mercresin* Tincture, the out- 
standing germicide discovered and developed by 
Upjohn research workers. The test defines its 
toxicity index—the ratio between the highest 
dilution inhibiting the growth of the heart frag 
ments and the highest dilution killing a standard 
culture of bacteria. 


Mercresin Tincture has a toxicity index of 0.5. 
Clinically, this is reflected in its highly bacteri- 
cidal action at dilutions harmless to tissues. This 
fact has been repeatedly confirmed by the wide 
use of Mercresin Tincture in antisepsis of super- 


ficial wounds and infections, irrigation of certain 
body cavities and deep infected wounds, topical 
application to mucous membranes, and in the 
preparation of operative fields. 


Mercresin Tincture combines secondary amyltri- 
cresols with an organic mercurial to give the 
resulting combination outstanding bactericidal, 
bacteriostatic and fungicidal properties. It is an- 
other achievement of Upjohn research workers 
in their continuing search for new ways of 
translating knowledge into practical form for 
clinical use. 


Trademark, Reg US Pat Off Brand of mercocresols 


in the service of the profession of medicine 
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idea Getter 


Ove of the strangest things about ideas is the fact that 
you never know when one is going to strike. Maybe now, 
maybe tomorrow, maybe next year. That's why there is a 

good deal of tenacity intertwined in the scientific minds 
which develop and produce Penicillin, Abbott. 
The spirit to hang on, to keep in there plugging, to try, 
try and try again eventually pays off in new and improved 
forms of penicillin. We know. For without this spirit, Abbott 
would not be able to offer you one of the most complete lines 
of penicillin products in the pharmaceutical industry. 
Wouldn't it be to your convenience to concentrate on this 


line, beginning with the next time you prescribe penicillin? 


SPECIFY 


ABBOTT 


PENICILLIN PRODUCTS 
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PERITONEAL REACTION TO INJECTED FUSED (SPHERICAL) 
AND UNFUSED (SPICULATE) QUARTZ 


Pathologic Studies 


LESLIE SILVERMAN, Sc.D. 
BOSTON 
AND 

ALAN R. MORITZ, M.D.* 


CLEVELAND 


HAT SOLUBILITY is an important factor in the production 

of silicotic lesions and tissue fibrosis has long been recognized. 
King ' recently presented a critical study of this subject, and there 
have been several “in vitro” studies by King and McGeorge,’ 
Kitto and Patterson * and others * on the solubility of various mineral 
dusts, including silica. The purpose of this article is to report the 
results of a research originally undertaken to determine the rate of 
solubility of quartz “in vivo.” In this investigation we proposed to 


inject fused silica in the form of spheres of a known statistical particle 


size and dispersion. A subsequent statistical analysis of material in 
tissues after a definite period would indicate the solubility rate from 
the particle size reduction. In addition to this objective, the study 
would yield comparative pathologic effects of unfused and fused quartz 
of the same particle size range. 

From the Department of Industrial Hygiene, Harvard School of Public Health, 
and the Department of Legal Medicine, Harvard Medical School. 


* Present address: Institute of Pathology, Western Reserve University, 
Cleveland. 

1. King, E. J.: Solubility Theory of Silicosis: A Critical Study, Occup. Med. 
4:26, 1947. 

2. King, E. J.. and McGeorge, M.: LIV. The Biochemistry of Silicie Acid 
V. The Solution of Silica and Silicate Dusts in Body Fluids, Biochem. ]. 32:417, 
1938. 

3. Kitto, P. H., and Patterson, H. S.: The Rate of Solution of Particles of 
Quartz and Certain Silicates, J. Indust. Hyg. & Toxicol. 24:59, 1942. 

4, Whitehouse, A. G. R.: The Excretion of Silica in Urine After Oral Admin- 
istration of Silica and Silicate Dusts and the Solubility of Silica and Silicate Dusts 
in Acid and Alkaline Solutions at 37° C, J. Indust. Hyg. & Toxicol. 19:590, 1937. 
Titus, A. C.: Silica and Silicate Solubilities, ibid. 19:138, 1937 
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Gardner ® has shown that vitreous silica induces the same tissue 


reaction as ground flint or quartz. The first of these materials is nearly 


100 per cent silicon dioxide in the amorphous state, whereas flint or 


quartz is completely crystalline silica in the uncombined state. Assum 


ing that the fused and the unfused particles are similar in surface nature 


and composition their pathologic effects in tissue would depend to a 


considerable extent on their surface areas. 


OBSERVATIONS ON 


PARTICULATI 


QUARTZ PREPARED FOR 
EXPERIMENTS 


Ground flint (quartz) was screened and elutriated by Cummings’ technic.® A 


size range of 1 to 2 microns was selected and fused by the method described by 


Salazar and Silverman.’ The flame product averaged 76 per cent spheres, and 


although the remainder was not spherical, it was largely fused, since its index of 


refraction indicated that it was vitreous silica. Roentgen ray diffraction analysis 7 


incheated less than 5 per cent quartz in the mixture and that no other crystalline 


material was present. The fused material was sized, and a sample of ground flint 


Size Characteristics 


Geometric Standard Mean plus Twice 

i Mean Partick Deviation, Standard Devia 

Material Size, Mierons Mierons tion, Mierons* 
Fused quartz 1.8 54 
Unfused quartz 1.7 


ules per cent of all particles 


of similar characteristics was prepared from different size groups. The resulting 


dimensional characteristics of both materials are given in the table 


In order to determine the surface area of the particles, a sample of each material 


was analyzed * by a gas adsorption method with ethane. To our surprise the initial 


fused material (theoretic surface based on mean size 1.3 sq. M. per gram) showed 


i greater specific surface (17.4 sq. M. per gram) than the unfused (3.7 sq. M 


per gram). An electron micrograph (fig. 1.4) indicated the reason for this dis- 


crepancy; a large number of small fuzzy particles (apparently condensed silica 


vapor volatilized during the fusion process) appear in the background and around 


5. Gardner, L. U.: Reaction of the Living Body to Different 17 ypes of Mineral 
Dusts With and Without Complicating Infection, Technical Publication 929. New 


York, American Institute 


~ Mining and Metallurgical Engineers, 1938 


6. Cummings, D. FE Studies on Experimental Pneumokoniosis: IV. The 


Separation of Particulate Matter Smaller than Screen Sizes into Graded Fractions. 
J. Indust. Hyg. 11:245, 1929 

7. Salazar, A., and Silverman, L.: The Preparation of Microscopic Spheres 
trom Quartz, J. Indust. Hyg. & Toxicol. 27:231, 1935 


8. The analyses and the electron micrographs were supplied by Dr Joe W 


Howland, of the University of Rochester School of Medicine and Dentistry, 
Rochester, N. Y. 
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Fig. 1.—A, electron micrograph of fused quartz; * 18,500. Mean particle size, 
1.8 microns. B, electron micrograph of ground quartz; 18,500. Mean particle 
size, 1.7 microns. The | micron scale applies to both 4 and B. (These electron 
micrographs were made by F. W. Bishop of the University of Rochester.) 
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the periphery of the particles. No ccatamination of this type appears in the 
micrograph of unfused flint shown in figure 1 B. 

A sample of fused quartz was placed in aqueous buffer solution (p, 7.2) and 
incubated for twenty-four days at 37 C. At the end of this period an electron 
micrograph indicated that a large amount of the condensed vapor in the background 
had disappeared. It was apparent that this fine matter would rapidly dissolve on 


UNFUSED 0.1 gm. 
3 months 


UNPUSED 0.2 gm. FUSED 0.1 gm. 
6 months 6 months 
# 1003 # 1000 


UNFUSED 0.1 gm FUSED 0.1 am 
14 months 14 months 
# 955 # 1001 


CENTIMETERS 


Fig. 2.—Peritoneal nodules formed in response to fused and unfused quartz. 
The photographs were taken three, six and fourteen months after intraperitoneal 
injection of particulate quartz. 


injection (as did Gardner's 20 angstrom silica!) and not be a factor in producing 
tissue fibrosis. 


ANIMAL EXPERIMENTS AND RESULTS 


Seventeen 3 month old rabbits were used. Either 0.1 or 0.2 Gm. of particulate 
quartz suspended in 0.9 per cent saline solution was injected intraperitoneally. 


FUSED 0.1 gm. 
months 
# 958 # 954 
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Fused (spherical) quartz was injected into 9 and unfused (spiculate) quartz 
into 8 rabbits. The animals were killed in pairs after recovery periods that ranged 
from four to fourteen months. 

In both groups nodular masses were found attached to the parietal peritoneum 
and to the omentum. The masses were larger and softer in the animals that had 
received spiculate than in those that had received fused quartz (fig. 2). In the 
animals with fused quartz the masses were small and firm and gave the impression 
of being comprised principally of mineral material with no more fixed tissue than 
was required to bind the hard particles together. In the animals that had been 
given an injection of spiculate quartz the peritoneal masses were considerably 
larger and fleshier and disclosed little or no gross evidence of the presence of 
mineral material. 


Fig. 3.—-Photomicrograph showing central aggregation of extracellular particles 
of fused quartz with an admixture of cellular debris and precipitated calcium salts; 
x 85. The animal was killed six months after intraperitoneal injection of quartz 
particles. The encapsulated connective tissue is relatively thin, does not appear to 
be actively proliferating and is sparsely infiltrated by phagocytes, some of which 
contain spherules of quartz. 


On microscopic examination the differences in reaction to spherical and spiculate 
quartz particles were striking. The peritoneal nodules found in the animals which 


had received an injection of fused quartz were, as shown in figure 3, comprised 


almost entirely of closely dispersed mineral spherules. Most of the spherules in 
some nodules and all in others were intracellular, being contained in small phago- 
cytes supported by a scanty and relatively acellular framework of fibrous connective 
tissue. In the central portions of some of the nodules extracellular aggregates of 
spherules were interspersed with calcium salts and cellular debris and occupied 
poorly circumscribed cavities. 
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The nodules (fig. 4) found in the animals given an injection of spiculate par- 
ticles of quartz were shown by microscopic examination to be comprised of granu- 
lomatous masses of large epithelioid cells enclosed by actively proliferating 
fibroblasts. In contrast to the spherules, the spiculate particles of mineral were 
few and difficult to recognize. There was a tendency on the part of the more 
centrally placed epithelioid cells toward fatty degeneration and necrosis. Central 
necrotic foci of cells showed varying degrees of calcification. 

The differences in reaction described in the foregoing paragraphs were recog- 
nized as early as four months after injection and tended to become more exag- 
gerated with the passage of time. in neither group of animals were significant 
abnormalities observed in the lymph nodes. 


4.—Photomicrograph showing productive granulomatous reaction in 
response to unfused quartz three months after intraperitoneal injection; « 85. The 
mass is comprised principally of large cells of the epithelioid type, some of which 


contain recognizable spiculate particles. There is an active proliferation of young 
fibroblasts 


COMMENT 


The pathologic findings in the two groups of experimental animals 
warrant the inference that the reaction-eliciting properties of particulate 
quartz vary according to the relationship that exists between the sur- 
face area and the mass of the individual particles. Spiculate particles, 
having large surface areas in relation to mass, evoke a significantly 
greater tissue reaction than do spherules of comparable size and identical 
composition 

\n attempt was made to size the spherical particles in tissue sections 
after definite periods of time, but unfortunately not enough could be 
recovered to provide a reliable statistical analysis. 
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SUMMARY 


A study of the peritoneal response of rabbits to fused (spherical) and 
unfused (spiculate) quartz indicates that with material of similar par- 
ticle sizes (1.7 to 1.8 microns) the toxicity varies with surface area ot 
the particles. Unfused quartz, with a larger surface area, induces a 
significantly greater tissue reaction than fused material. Experiments 
were conducted over a period of four to fourteen months, and the tissue 
reaction in the short period was comparable to that in the longer 
exposure. 
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THE TOXIC PROPERTIES OF XYLIDINE AND 
MONOMETHYLANILINE 


Il. The Comparative Toxicity of Xylidime and Monomethylaniline 
(CcHsN[HICH,) Inhaled as Vapor in Air by Animals 


JOSEPH F. TREON, Ph.D. 
HOWARD E. SIGMON 
HOWARD WRIGHT, A.B. 
FRANCIS F. HEYROTH, M.D., Ph.D. 
AND 


KARL V. KITZMILLER, M.D. 
CINCINNATI 


PREVIOUS paper * has given the results of a study of the physio- 
logic effects of monomethylaniline and xylidine administered orally 
and intravenously to rabbits and on the intact skin of rabbits. Data 
concerning the physical properties of these compounds and certain 
aspects of their metabolism were included in the first paper. One milli- 
gram of monomethylaniline per liter of air is equivalent to 233 p.p.m. by 
volume at 745 mm, of mereury and 25C. The corresponding conver- 
sion factor for xylidine is 206. 

These two chemically related compounds have somewhat similar 
physiologic effects: when absorbed by experimental animals. Both are 
characterized by a high order of toxicity. It was shown that both are 
readily absorbed through the skin and from the alimentary tract.’ There 
are certain significant differences in their physiologic effects, and the 


responses of different species of animals in this respect are somewhat 
variable, 


PROCEDURES 
The experiments involving inhalation of the vapors of monomethylaniline and 
two of those concerned with xylidine (0.291 and 0.244 mg. per liter) were carried 
out in an air-conditioned chamber of 600 liter capacity, equipped with metering 


Read at the Seventh Annual Meeting of the American Industrial Hygiene 
Association, Chicago, April 11, 1946 

From the Kettering Laboratory, Department of Preventive Medicine and 
Industrial Health, University of Cincinnati College of Medicine. 

1. Treon, J. F.; Deichmann, W. B.; Sigmon, H. E.; Wright, H.; Witherup, 
S. O.; Heyroth, F. F.; Kitzmiller, K. V., and Keenan, C.: The Toxic Properties 
of Xylidine and Monomethylaniline: I. The Comparative Toxicity of Xylidine and 
Monomethylaniline when Administered Orally or Intravenously to Animals or 
Applied upon Their Skin, J. Indust. Hyg. & Toxicol. 31:1, 1949. 
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devices, described previously.2 Three other experiments with xylidine were 
carried out in a metal cage * having a volume of 223 liters, by means of another 
type of metering equipment, which has also been described.* Animals were 
exposed to various concentrations of the vapors of these materials in air for 
seven hours daily on five days per week. 

The concentration of the monomethylaniline in the atmosphere of the chamber 
was determined three or four times daily by measuring the intensity of the 
straw color produced by the reaction of monomethylaniline and nitrous acid.‘ 
In the case of the higher concentrations (0.371 and 0.114 mg. per liter), spot 
samples were collected in an evacuated glass bulb of 11 liter capacity. Air bear- 
ing lower concentrations (0.0326 mg. per liter or less) was collected in 2 cylin- 
dric towers (1.1 [outside diameter] x 30 cm.) in series, each containing 1.0 cc. 
of 0.05 normal hydrochloric acid on glass spirals. Air was passed through the 
absorbers for thirty minutes at the rate of 400 cc. per minute. Little or no mono- 
methylaniline was found in the second cylindric tower. 

The concentration of the xylidine in the air of the chamber was determined 
three or four times daily, the samples being collected in evacuated glass bulbs 
of 2 to 11 liter capacity. Concentrations of 0.244 mg. per liter or more were 
estimated by bromination with a standardized bromide-bromate solution, the excess 
bromine being titrated with 0.02 normal thiosulfate solution. From numerous 
daily determinations of known amounts of xylidine (1 to 10 mg.) in water, 1 cc. 
of 0.02 normal thiosulfate was found to be equivalent to 0.471 mg. of xylidine. 
Theoretically, if 5 atoms of bromine were consumed by each mole of xylidine, 
1 cc. of the reagent should be equivalent to 0.484 mg. of xylidine. 

Concentrations of 0.1 mg. or less per liter were determined by the use of a 
more sensitive method based on the measurement of the intensity of the red color 
resulting from the diazotization of xylidine and subsequent coupling with R salt 
(the disodium salt of 2-naphthol-3,6-disulfonic acid). Several analyses of air 
bearing a higher concentration than 0.1 mg. per liter were carried out by using 
the two methods in parallel, with excellent agreement. 

The mean Concentration of each compound was calculated for the entire period 
of experimental exposure from the averages of the several results obtained on each 
day of the period. These values are recorded in the individual tables of experi- 
mental data. These concentrations are expressed in milligrams per liter at 25 C. 
and 745 mm. of mercury. 

The odor of either compound was discernible when the atmospheric concen- 
tration was 8 p.p.m., but not certainly when it was 2 p.p.m. 

Animals that were exposed in the air-conditioned 600 liter cage were kept 
in this chamber for six to eight hours daily for several weeks before either com- 
pound was introduced. During this preliminary period and the period of exposure, 
and also for two or three months after the last day of exposure, the weight of 
each animal was determined three times per week. Throughout these same periods, 


2. Treon, J. F.; Crutchfield, W. E., Jr., and Kitzmiller, K. V.: The Physio- 
logical Response of Animals to Cyclohexane, Methylcyclohexane, and Certain 
Derivatives of These Compounds: II. Inhalation, J. Indust. Hyg. & Toxicol. 
25:323, 1943. 

3. Machle, W.; Scott, E. W., and Treon, J. F.: The Physiological Response 
to Isopropyl Ether and to a Mixture of Isopropyl Ether and Gasoline, J. Indust 
Hyg. & Toxicol. 21:72, 1939. 

4. Cholak, J.; Younker, W. J., and Hubbard, D. M.: Determination of 
Monomethylaniline and Xylidine in Air, to be published. 
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the erythrocytes, the leukocytes and the various types of leukocytes in the blood 
were counted at weekly intervals, and the hemoglobin concentration was deter- 
mined. Animals exposed to certain of the higher concentrations were examined 
in these respects daily or on every other day for the first week or two. 

The tissues of all animals were examined grossly and microscopically. In 
preparation for the latter, the tissues were fixed in Zenker’s solution. At the 
termination of a period of exposure, if several of a given species had survived, one 
of that species was killed; all others were observed for a further period of one to 
three months before being killed for examination. 


MORTALITY AND SIGNS 


OF INTOXICATION 


Che mortality associated with repetitive inhalation of monomethyl- 
aniline is shown in table 1, and the mortality with that of xylidine in 
table 2. In terms of over-all mortality, rabbits were the most suscep- 
tible, and rats the least susceptible, of the species subjected to the 
inhalation of monomethylaniline vapor, cats and guinea pigs apparently 
occupying an intermediate position. In the case of xylidine, cats were 
the most susceptible and rabbits the most resistant of the four species 
on which there were enough observations for comparison. Actually five 
species of animals were used, but the data on the monkeys are too few 
for purposes of comparison. When inhaled from day to day by rabbits, 
monomethylaniline vapor was considerably more toxic than xylidine 
vapor. This 1s in accord with the relative toxicity of these compounds 
when given orally or intravenously ‘ to animals of this species. On the 
other hand, monomethylaniline, although considerably more toxic than 
xylidine when administered intravenously to cats,' was found no more 
toxic than xylidine when inhaled by cats. Xylidine was the more toxic 
of the two when inhaled by rats, and, under conditions of exposure to 
the higher concentrations, when inhaled by guinea pigs. 
Monomethylaniline 

1. Three rabbits died during or after 7, 9 and 43 seven hour 
periods, respectively, of exposure to air containing 0.371 mg. of mono 
methylaniline per liter (86 p.p.m.). Whenever, during the course of 
this experiment, a cat was introduced into the chamber, it died during 
the first day. In all, 3 cats were killed in this manner, but 3 rabbits, 
2 guinea pigs and 2 rats survived 50 such periods of exposure. A dog 
that was included néar the end of this experiment survived through the 
13 successive periods of exposure to which it was subjected. The eye- 
lids of exposed animals were both pale and cyanotic. Fatally poisoned 
rabbits exhibited labored respiration and appeared ill on several terminal 
days. Salivatton, prostration, labored respiration and cyanosis were 
severer in cats. Ten of the 14 animals lost weight, the greatest 
loss being noted in the guinea pigs, in which it amounted to 20 to 24 


per cent of their imitial weights. Three animals changed but little in 


weight, while a previously undernourished dog gained 
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2. Two rabbits died during or after 40 and 41 periods, respectively, 
of exposure to air containing 0.114 mg. of monomethylaniline per liter 
(26.6 p.p.m.). Two cats died after 13 and 20 periods, respectively, and 
1 guinea pig died after 9; 2 rabbits, 1 guinea pig, 2 rats and 1 cat sur- 
vived through 58 periods of exposure, while a guinea pig survived 
through the last 41 periods. The animals varied in weight considerably 
during the experimental period, but in general those that died lost 


Tasie 1.—Mortality Associated with the Inhalation of Air Bearing 


Vapors of Monomethylaniline 
(The numerator gives the number of survivors; the denominator, the 
f animals exposed) 


Duration 
of Expo Guibea 
sure, Hr. Rabbits Bigs Rats 


0.371 + 0.010 7 


Concentration 


Me /L P.P.M Dog Monkey 


‘ 0/2 
+ 0.040 7 
0.0826 + 0.0008 7 
> 2 ‘ 

+> 0.0001 2.3 7 x 0/4 


* One animal among the survivors was subjected to exposure on a smaller number of days 
(see text) 


+ Two of these animals were subjected to exposure on a Smaller number of days (see text) 


Taste 2.—Mortality Associated with thi 


Vapors of X ylidine 
(The numerator gives the number of survivors; the 
of animals exposed) 


Coneentration Duration 


of Expo Guinea 
P.PLM sure, Hr Rabbits Pigs 

0.008 
to to 


0.082 + 0.012 


7 


0.291 + 0.005 
4+ O08 
0.085 > 0.00R 


0.088 +> 0.001 


* Two of the 6 animals were subjected to exposure 


an interval of freedom from exposure. 


on twenty-four additional days after 
They survived 

weight, whereas those that survived gained. The signs of intoxication 
were similar to, but less pronounced than, those observed in the ani- 
mals exposed to the higher concentration 


3. Six rabbits died during or after 9, 9, 14, 60, 96 and 110 periods, 
respectively, of exposure to the concentration of 0.0326 mg. of mono 


methylaniline per liter of air (0.00076 volume per cent or 7.6 p.p.m.). 


One guinea pig and 1 rat died after 48 and 68 periods, respectively. 


\ guinea pig, a rat and a cat survived through 130 periods of exposure. 
\ rabbit, a rat and a guinea pig survived through 59, 6 
of exposure, respectively. 


2 and rad periods 
Four of the 6 
normal rates, whereas 2 lost 


surviving animals grew at 


weight. The animals that died lost 


number 
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weight, the greatest proportional loss being 43 per cent of the initial 
weight in the case of the guinea pig. After several periods of exposure 
the eyelids of the rabbits became pale, but otherwise no noteworthy 
signs of intoxication were observed. 

4. Two guinea pigs, | rat, 3 cats and 1 monkey, exposed on one 
hundred and thirty days to air containing 0.0105 mg. of monomethyl- 
aniline per liter (2.4 p.p.m.). survived. Another rat and another cat 
introduced later survived through 73 and 114 periods of exposure, 
respectively. With the exception of 2 cats, which were subjected to 
weekly cardiac punctures, and | rat, all animals grew at normal rates, 
and no signs of intoxication were seen. 

5. Four rabbits exposed to air containing 0.0097 mg. of mono- 
methylaniline per liter (2.3 p.p.m.) survived through 88, 100, 130 and 


Taste 3.—The Mean Concentrations of the Xylidine in the Atmosphere of the 
Chamber During Prolonged Observations in Which Several Groups of 
Rabbits Were Employed 


Mean Concentration 


Serial Days of Exposure Mg./L P.P.M. Rabbits Exposed 
0.682 + 0.012 142.6 Group 1 
My B4...... 0.676 + 0.010 139.3 Group 2 
51-100 0.671 + 0.007 138.3 Group & 
lol 124 0.640 +> 0.008 131.8 One of group 


land 1 of 
group 2 were 
ex posed 


130 periods of exposure, respectively. No signs of intoxication were 
observed, and the animals grew at normal rates. 
X ylidine 


1. Concentrations of xylidine vapor in the air of the chamber of 
the order of magnitude of 0.67 mg. per liter, with slight variations as 
indicated in table 3, were maintained for seven hours per day on one 
hundred and twenty-four days. Two guinea pigs died after 9 and 25 
periods of exposure, respectively. Two rats died after 3 and 9 periods, 
respectively, and 3 cats died after 2, 3 and 4 periods, respectively. 
On the other hand, 2 rats survived through 50 periods of exposure, after 
which they were removed from the chamber. For reasons given later, 
three separate pairs of rabbits were subjected to fifty days of exposure 
~—~pair 2 being introduced while pair 1 was still undergoing exposure 
(see table 3),-and pair 3 being introduced while pair 2 was still under- 
going exposure. The 6 rabbits survived through 50 such periods of 
exposure. Finally, 1 rabbit-from each of the first two pairs was sub- 
jected, without apparent illness, to 24 additional periods of exposure 
after an interval of time which was ten weeks in one case and three 
months in the other. 
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Cats, which showed the most striking signs of intoxication, were 
cyanotic and prostrated, and suffered some loss of coordination of the 
legs. There was considerable lacrimation; mucus collected in the eyes, 
and thick ribbons of saliva drooled from the mouth at times. Rats 
showed the next most impressive signs of intoxication, exhibiting weak- 
ness and prostration in varying degrees. These signs were quite pro- 
nounced during the first two or three weeks of exposure, when the 
rats lay on their sides for as long as four to six hours after removal 
from the chamber. During later periods of exposure the rats were 
merely lethargic and drowsy. In the early periods their eyes showed 
some congestion, and dark, blood-tinged mucus collected in the corners 
of the eyelids. Animals of other species, during the first few weeks of 
exposure, suffered from irritation of the mucous membranes, evidenced 
by slight coughing, salivation, closure and slight congestion of the eyes, 
and some nasal discharge, but later these signs became less pronounced, 
and salivation and nasal discharge occurred only occasionally. All of 
the animals lost weight during the first two to four weeks of exposure, 
but those that survived regained their losses and continued to gain at a 
normal rate throughout the period of exposure. 

2. One rabbit died after 7 periods of exposure to air containing 
0.291 mg. of xylidine per liter (0.0060 volume per cent or 60 p.p.m.). 
One guinea pig died after 3 periods, 3 rats died after 4, 31 and 
31 periods of exposure, respectively, and 1 cat died after 2. Three 
rabbits, 1 guinea pig and 2 rats survived through 50 periods of 
exposure. The cat was prostrate and had some loss of coordination of 
the legs after the second exposure. The signs of intoxication were 
similar to those observed in the foregoing experiment, but were less 
severe. 


3. Two guinea pigs died after 34 and 55 periods of exposure, respec- 
tively, to air containing 0.244 mg. of xylidine per liter (0.0050 volume 
per cent or 50 p.p.m.). Three cats died after 4, 5 and 7 periods, 
respectively. Four rabbits survived during and after 0) periods of 
exposure. Although the signs of intoxication were somewhat less severe 
than those described previously, all the animals lost weight. 


4. Two cats died after 22 and 31 periods of exposure to air con- 
taining 0.085 mg. of xylidine per liter (0.00174 volume per cent or 
17.4 p.p.m.). Two rabbits, 1 guinea pig and 2 rats survived through 
70 such periods of exposure. No signs of intoxication were manifested 
by the animals other than some weakness and salivation on the part 
of the cats for a few days before they died. The behavior of the animals 
in the matter of changes in weight was quite variable and unrelated to 
species ; about half of the surviving animals gained normally, while the 
others lost. 


5. Two cats and a monkey survived through 92 periods of exposure 
to air containing 0.038 mg. of xylidine per liter (0.00078 volume per 
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cent or 7.8 p.p.m.). No signs of intoxication were observed. One of 
the cats grew normally, but the weight of the other remained unchanged, 
and the monkey lost weight. 


OTHER FEATURES OF 


INTOXICATION 


FORMATION OF METHEMOGLOBIN 


A previous report ' showed that monomethylaniline induced the for- 
mation of methemoglobir in the blood of cats and rabbits more readily 
than did xylidine after either intravenous or alimentary administration 
of these compounds. Occasional observations on the blood of rabbits 
subjected to inhalation of the vapor of monomethylaniline revealed only 
small amounts of methemoglobin, while none was found in the blood 
of those animals which were exposed to the vapor of xylidine. On the 
other hand, in the blood of a cat that died after two and three-quarter 
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PERCENTAGE 
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SERA AY OF EXPOSURE 


Chart 1.—The methemoglobin in the blood of cats during the period in which 
were repeatedly exposed to vapors of monomethylaniline. 


hours of exposure to air bearing the vapor 6f monomethylaniline in the 


concentration of 86 p.p.m., 37 per cent of the hemoglobin had been 
converted to methemoglobin, In general the concentration of methemo- 
globin in the blood of cats varied roughly with the concentration of 
monomethylaniline in the atmospheres to which they were exposed 
(chart 1). The values plotted in chart | are the averages oi the results 
obtained on the blood of 2 cats, except those derived from the experi- 
ment in which 1 cat was exposed to air containing 7.6 p.p.m. The inha- 
lation of xylidine resulted in the formation of relatively smaller amounts 
of methemoglobin in the blood of cats, the average percentages of 
hemoglobin so altered being 55 after three days of exposure to 132 
p-p.m., 39 after two days of exposure to 60 p.p.m.,.and 25 after seven 
lays to 50 p.p.m. 

Daily determinations yielded the average of 37 per cent methemo- 


globin in the blood of a dog which survived 13 seven hour periods of 
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exposure to monomethylaniline at the concentration of 86 p.p.m. The 
average results for rabbits exposed to this compound in concentrations 
of 26.6, 7.6 and 2.4 p.p.m. were, respectively, 6.3, 5.2 and 1.7 per cent. 


ERYTHROCYTES CON 
HEINZ BODIES 


TAINING 


PERCENTAGE 


Time WEEKS 


Chart 2.—The effect of prolonged intermittent inhalation of vapors of mono- 
methylaniline on the occurrence of Heinz bodies in cats. 


00326 20 0003mg/. (7 6p pm) 

ON420 O4img (26 6pm) 


4 4 


TIME , WEEKS 


4 6 8 


Chart 3.—The effect of prolonged intermittent inhalation of vapors of mono- 
methylaniline on the numbers of erythrocytes (plotted in average values weekly) 
in the blood of rabbits. The panels represent (a) period before exposure, (b) 
period of exposure and (c) period after exposure respectively. 


FORMATION OF HEINZ BODIES 
The method of enumerating Heinz bodies in the erythrocytes was 
described in an earlier paper.’ 
Chart 2 shows graphically that Heinz bodies developed in from 33 
to 50 per cent of the erythrocytes of a cat during the last eight and 
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one-half weeks of a prolonged series of exposures to air bearing mono- 
methylaniline in the concentration of 7.6 p.p.m. In the blood of 4 
other cats exposed to 2.4 p.p.m. the average proportion of erythrocytes 
so altered ranged between 12 and 29 per cent. Following the last 
period of exposure the Heinz bodies disappeared slowly over a period 


Tasie 4.—The Numbers of Erythrocytes and Leukocytes and the Hemoglobin Content of the Peripheral 
Blood of Animals Exposed to Monomethylaniline Vapor in Air 


Erythrocytes, Thousands 


Hemogiobin, Gm. per 100 Ce. per Mm,* Leukocytes per Mm.* 
Before During After Betore During After Before During After 
Mg/L Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure 
Rabbits 
¥ 6471 2.11 + 0.10 7.70 + 0.12 11.08 + 0.17 5,155 + 73 2,862 + 47 4,388 + 97 9,684 + 285 10,905 + 401 10,125 + 278 
# St. dey St. dey St. dev St. dey St. dey. St. dey. St. dev St. dev. St. dev. 
+ 0.9% + 1.48 + 1.24 + 671 + Gr + 705 + 2,54 + 5,100 + 2,017 
4 Oil 11.38 + 0.11 5.65 + 0.20 10.68 + 6.10 1,7 + 48 3,800 + 09 4,365 + & 8,579 + IR 10,154 + 404 8,500 + 191 
$ St. dev St. dev. St. dev. St. dey St. dev. St. dey. St. dey St. dev St. dev. 
i + 1.02 + 1.89 + 0.76 + 435 + “Al + 629 + 2,579 + 3,745 +144 
0.26 11,75 + 0.12 + 0.13 9.85 * + 4,140 + 4,617 * 9,516 + 11,688 + 334 19,417 * 
% St. dev St. dev St. dev St. dey St. dev Mt. dev. 
+ 1.37 + 1.75 +- STF + 72 + 3,004 + 4,614 
00007 12.16 + 0.66 1,065 + 46 4,957 + 24 11,304 > 
Bt. dev St. dev St. dey St. dey. St. dev St. dev 
+16 + 1.23 + 100 + 465 + 4,134 + 3,454 


Guilt 


0371 104+ 0.% 13.00 + 0.238 1000+ 141 4200+ + «13,611 +1,027 15,880 + 614 16,864 + 615 
St. dev St. dev. St. dev. St. dev St. dey St. dey. St. dev St. dev St. dev 
+ 1.0 + 1.15 +115 + 625 + 04 > + 4,560 + 3,861 + 3,023 
0.114 15.76 + 0.15 16.0 * 4,557 + 68 4,380 + 4,650 * 11,714 + 57 8,056 + 323 6,438 * 
5 3 Bit. dev St. dev. St. dev St. dey St. dey St. dev. 
4 3 + 1.04 + 0.98 + STo + 374 + 3,405 + 2,084 
0.0826 1562402 15.50 + 0.08 15.88 + 0.14 47+ 124 4,867 + 1350+ 158 6,900 + 441 7,813 + 195 7,318 + 340 
’ St. dey St. dev St. dey. St. dey St. dey St. dev. St. dey St. dev St. dev 
FY + 1.24 + 0.80 + 0.56 +71 + 713 + 661 + 2,535 + 2,012 +> 1,423 
15514015 15.91 +607 15.56 + 0.14 + 107 + 5,150 + 73 9,731 + 8,655 + 222 8,272 + 420 
St. dev St. dev St. dev. St. dey St. dey St. dev. St. dev St. dev St. dev 
+ ORO * O74 + 0.60 + 574 + 475 + 327 + 2.91 + 2,517 + 1,872 
O14 w.2* see +500 * 5,150 * 13,100 * 16,429 * Chi 
0.0105 12.4% + 0.50 12.34 + 0.12 12.75 + 0.14 1,007 + 290 7 + 34 5,533 + gO 15,071 + 1.106 16,808 + 451 16,722 + 569 
co 4 St. dev St. dev St. dey. St. dey St. dey St. dey St. dev St. dev St. dev 


0.0108 16.02 + 0.14 15.0 + O11 5,245 + 137 OTT > 49 5,333 + 118 TH + 650 6,615 + 517 6,300 + 340 
St. dev St. dey. St. dev St. dey St. dey St. dev St. dev St. dev St. dev 
+ 0.98 + 1.08 + 0.42 + 672 + WR + 427 + 3,198 + 3,91 + 1,233 


* Too few determinations for statistical analysis. 


of several weeks. None were observed in the blood of rabbits subjected 
to inhalation of the two lowest concentrations of monomethylaniline. 
No effort was made to detect Heinz bodies during the experiments made 
with the vapor of xylidine. 
EFFECT ON' THE HEMOPOIETIC SYSTEM 

When inhaled by rabbits monomethylaniline induced anemia, whereas 
this response was not elicited by inhaled xylidine. The anemia occurred 
in rabbits as early as the first week of exposure when the concentration 
of monomethylaniline amounted to 7.6 p.p.m. or more (chart 3 and 
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table 4). There was also a correspondingly sharp decrease of hemo- 
globin in the peripheral blood of these rabbits; the mean values in 
table 4 show the marked reduction that occurred over the entire period 
of exposure. Polychromasia, stippling and reticulocytosis were noted 
in smears of the blood of rabbits, particularly in the early part of their 
prolonged period of exposure. Hyperplasia of the bone marrow of 
rabbits was also observed. No anemia developed in rabbits, cats or a 


TasLe 5.—The Numbers of Erythrocytes and Leukocytes and the Hemoglobin Content of the Peripheral 
Blood of Animals Exposed to Xylidine Vapor in Air 


Erythrocytes, Thousands 


few determinations for statistical analysis 


monkey during inhalation of monomethylaniline in the concentration of 
2.4 p.p.m. 


Table 4 also shows that the inhalation of monomethylaniline vapor 


Xylidine failed to induce anemia in rabbits, guinea pigs 
any of the concentrations tested (table 5). 


induced some decrease in the number of erythrocytes in the blood of 
guinea pigs; this was not true of cats, the average number of erythro- 
cytes in their blood being 5,150,000 per cubic millimeter 
4,500,000 to 6,200,000) during twenty days of exposure to the concen- 
tration of 26.6 p.p.m. (0.114 mg. per liter). 


(range, 


or a monkey 


Hemoglobin, Gm. per 100 Ce. per Mm.* Leukocytes per Mm.* 
Before During After Before During After Before During After 4 
Mg./L. Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure z 
Rabbits 
0.040 12.04 + 0.14 11.38 + 0.07 12.27 + 0.11 4,736 + 66 4,725 + 33 5,089 + 9,250 + 324 10,713 + 216 10,453 + 240 % 
to St. dev. St. dev. St. dev. St. dev. St. dev, St. dev. St. dev St. dev St. dev. i 
0.682 + 0.97 > 1.13 + OM + + B80 + 370 + 2,256 + 2,497 + 2,015 * 
0.291 11,88 + 0.00 11.19 + 0.18 12.14 + 0.07 4,807 + 51 4,633 + 44 5,063 + 50 9,6 + WR 11,683 + 397 9,700 + 481 4 
St. dev. St. dev. St. dey. St. dey. St. dey. St. dey. St. dev St. dev St. dev % 
+ 0.68 + 1.06 + 0.40 + 402 + 355 + 340 + 2,368 + 3,222 + 2,762 3 
0.244 12.90 + 0.12 12.21 + 0.10 12.58 + 0.16 », 285 + DO 5,198 + 45 6,362 + 74 0462 + 258 12,301 + 280 10,071 + 437 z 
St. dev. St. dev. St. dev. St. dey St. dey St. dey. St. dev St. dev St. dev. z 
+ 0.98 + 1.0 + 388 + 451 + + + 2,006 + 2,909 § 
0.085 12.58 + 0.11 11.73 + 0.11 9.04 + 0.50 5,017 + 61 4,888 + 61 4129+ 203 «7,983 + 44 11,017 + 521 11,643 + 808 ¢ 
St. dev. St. dev St. dev. St. dev St. dev. St. dey St. dev St. dev St. dev. 5 
+ 0.55 + 0.88 + 1.98 + 312 + 486 +> 796 +, 2,230 + 4,157 + 3,583 : 
Guinea Pigs 
0.640 16,1 ® 4,645 * 4,092 * 6.100 * 12,580 * 
to 
0.6@2 
0.291 1686+029 15.76+0.14 4575 +91 4,370 + 68 1,638 + 436 10,150 + 398 
St. dey. St. dev St. dey St. dey. St. dev St. dev + 
+ 1.21 +> 0.67 + 3 + 2 + 1,828 + 1,568 } 
0.244 15.47 + 0.27 4,985 + 77 4,900 + 100 7,000 + 485 12,688 $1,205... 
St. dev St. dev. St. dev. St. dev. St. dev St. dev 
+ 1.15 + 1.33 + 324 + 506 + 2,121 + 7,683 
0.085 14.65 * 15.35 + 0.10 14.75 + 0.82 4,975 * 4,000 + 5,225 + 08 8,100 * 12,682 + 636 15,958 + S64 
St. dey. St. dev. St. dey. St. dev. St. dev St. dev 
+ 0.51 + 1.32 + + 412 + 3,128 + 2,449 
Monkey 
0.088 9.9° 11.8 +019 12.92 + 0.28 5,520 * 7,.200+ 149 6466+ 141 13,200 * 12,111 + 368 15,500 + 905 
St. dey. St. dev St. dev. St. dev St. dev St. dev 
+ 1.24 + 1.25 + 9R6 + 625 + 2,313 + 4,028 
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PROTHROMBIN CONTENT OF BLOOD 


To detect any considerable diminution of the prothrombin content 
of the blood of exposed animals, the clotting time was determined by 
a slight modification of the method of Kato.° During the inhalation 
of these compounds a marked decrease occurred in the prothrombin 
content of the blood (chart 4) only in cats that were exposed to the 
vapor of xylidine in air in the concentration of 50 p.p.m., the time 
required for the clotting of the blood of 2 fatally poisoned cats increas- 
ing progressively until death. 


0 244 mg/L (50p pm) 
244 mg/L (50p pm) 
z 0 085 mg/L (I7 4p pm) 
| 0 085 mg/L (I7 4p pm) 
w 160 —— 0038 mg/L (7 8ppm) 
2 
MOL! 
° 
z 120}: | 
= | 
) 
rs) 
z 
20 
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40 
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50 , 60 
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Chart 4.—The effect of prolonged intermittent inhalation of vapors of xylidine 
on the clotting time of the blood of cats. (The values at 7.8 p.p.m. were obtained 


from 2 cats.) 


EXCRETION OF 


CONJUGATED COMPOUNDS IN THE URINE 

The urine of each rabbit was examined one to three times per week 
for the relationship of inorganic and total sulfate content by a turbidi- 
metric method ® and for glucuronic acid content by the use of naphtho; 
resorcinol.’ Such examinations were also made on the ‘urine of cats 
exposed to monomethylaniline, while occasional determinations were 
made on the urine of cats exposed to xylidine. 


5. Kato, K.: Microprothrombin Test with Capillary Whole Blood: Modi- 
fication of Quick's Quantitative Method, Am. J. Clin. Path. 10:147, 1940. 

6. Treon, J. F., and Crutchfield, W. E., Jr.: Rapid Turbidimetric Method for 
Determination of Sulfates, Indust. & Engin. Chem. (Anal. Ed.) 14:119, 1942. 


7. Deichmann, W.: The Quantitative Estimation of Glucuronates in Urine, 
}. Lab. & Clin. Med. 28:770, 1943. 
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Large quantities of organic sulfates occurred in the urine of three 
groups of rabbits during the early part of their prolonged period of 
repetitive respiratory exposure to concentrations of xylidine ranging 
from 132 to 142 p.p.m. (chart 5). Two rabbits (A228, A253) were 
introduced into one of the experiments with xylidine at a time when 
other rabbits (A232, A234) were in their seventh week of exposure. 
The newly introduced rabbits were able to conjugate sulfates readily, 
whereas their predecessors were no longer responding in this manner. 
Likewise two other rabbits (A254, A255), introduced into the chamber 
when rabbits A228 and A253 had begun to lose their ability to excrete 
a conjugated sulfate, gave a similar but less striking metabolic response. 


4-254 A-255 


Chart 5.—The excretion of sulfates in the urine of rabbits during periods of 
intermittent inhalation of air containing the vapor of xylidine. 


When rabbits A228 and A232 were exposed to this vapor for a second 
period after an interval of several weeks of freedom from exposure, 
they were again able to excrete considerable quantities of organic sul- 
fates in their urine. Likewise, rabbits exposed to x¥lidine at 60 p.p.m. 
(chart 6) or to monomethylaniline at 86 p.p.m. (chart 7) tended to 
excrete some metabolic product of these compounds as ethereal sulfates 
more readily in the earlier weeks of exposure. Rabbits exposed to 
xylidine in the concentration of 50 p.p.m. (chart 6) showed a moderate 
ability to link the amine or some metabolite of it with sulfates throughout 
the entire period of their exposure, but: inhalation of lower concentra- 
tions of either compound resulted in little excretion of conjugation prod- 
ucts of the compound and sulfuric acid (charts 6 and 7). Rabbits 
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Chart 6.—The excretion of sulfates in the urine of rabbits during periods of 
intermittent inhalation of vapors of xylidine. 
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Chart 7.—The excretion of sulfates in the urine of rabbits during periods of 
intermittent inhalation.of vapors of monomethylaniline 
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failed to exhibit this type of excretory response when exposed to a con- 
centration of monomethylaniline of 2.3 p.p.m. 


Rabbits excreted large quantities of glucuronic acid throughout the 
period of their exposure to 50 p.p.m. or more of xylidine in the air 
(table 6). The quantities of glucuronic acid excreted in the urine 
decreased after the first week of exposure to the highest concentration 
of xylidine, but the change was slight as compared with that of the 
organic sulfates. Normal amounts of glucuronic acid were excreted by 
rabbits exposed to 17.4 p.p.m. of xylidine, while those exposed to 86 
p.p.m. of monomethylaniline responded irregularly in this respect and 
those exposed to 26.6 p.p.m., not at all. In the case of cats the only 
evidence of conjugation was a slight increase in the glucuronic acid 
content of the urine during their exposure to air containing 26.6 p.p.m. 


Taste 6—Mean Daily Urinary Output of Glucuronic Acid (Mg. per Seventeen 
Hours) by Rabbits During Exposure to Air Bearing Xylidine lapor 


Concentration Rabbit 


Mg/L. P.PM. No. No. 3 No.4 No. 5 No.6 Values 


0.040 to 132to 3 315 + 0 674 + 48 508 + 70 7 + 77 41 + 48 621 
0.692 142 


0.291 + 7 639 + 49 eee mo 
0.244 560 + 5 905 + 21 322 + 20 


0.085 17.4 


of monomethylaniline and an increase in the organic sulfates in the 
urine of those exposed to xylidine at 50 p.p.m. 

Xylidine was recovered from the urine of exposed animals by reflux- 
ing for thirty minutes 5 to 25 cc. of urine diluted to 50 cc. with distilled 
water after the addition of 15 cc. of approximately four times normal 
sulfuric acid. Half of the solution was distilled from the acid medium; 
the other half was diluted with 50 cc. of water and made alkaline. Thirty- 
five to 85 cc. of the latter was distilled off by steam and collected in 
0.5 cc. of 0.5 per cent (volume) sulfuric acid. The later distillate was 
analyzed for xylidine by coupling with R salt. 

The rates at which xylidine was excreted by rabbits and cats sub- 
jected to repetitive inhalation of xylidine in air are shown in chart 8. 
in 47 analyses of the urine of 4 rabbits exposed to 0.244 mg. of xylidine 
per liter of air, the daily (seventeen hours) excretion of substances 
capable of coupling with R salt (but expressed as xylidine) ranged from 
83 to 359 mg. and averaged 177 mg. Thirty-nine analyses of the urine 
of 2 other rabbits, which were exposed repeatedly to 0.0845 mg. of 
xylidine per liter of air averaged 19 mg. of xylidine per sample col- 
lected over the period of seventeen hours, the individual values varying 
from 5.6 to 43.0 mg. Samples of urine collected over periods of seven- 
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teen hours from each of 2 cats while they were exposed repeatedly, for 
seven hours per day, to air bearing 0.038 mg. of xylidine per liter 
yielded quantities of xylidine which ranged from 1.0 to 3.4 mg. and 
averaged 1.7 mg. per sample. 

Distillates from the urine of animals exposed to monomethylaniline 
were treated with nitrous acid for the purpose of demonstrating the 
presence of nitroso compounds of the: material, but the results were 
negative. The method employed, although less sensitive than that used 
to detect xylidine, was nevertheless capable of detecting quantities of 
monomethylaniline comparable with the amounts of xylidine found in 
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Chart 8 -The excretion of xylidine by animals subjected to the inhalation 
of this compound. 


the urine of animals exposed to that substance. Some glycosuria was 
noted in rabbits and cats and some hematuria in cats during their expo- 
sure to the vapors of monomethylaniline. 


PATHOLOGY 
MONOMETHYLANILINE 
Animals exposed to concentrations of 0.371 and 0.0326 mg. per 
liter of air had moderately severe toxic degenerative lesions of the 
cardiac, pulmonary, hepatic, splenic and renal tissues. Pulmonary 
changes were more prominent in animals that died, and were charac- 
terized by the presence, in varying degree, of pulmonary congestion, 
edema, emphysema, atelectasis and alveolar and interstitial pneumonia. 


° 
at 
1000 ; ] 
600 }- 
; 
60 
40+ 
20} 
10; 
a} 
2+ / 
0.01 O02 04 06 
4 
| 


TREON ET 


AL.—XYLIDINE AND MONOMETHYLANILINE 


$21 


The coronary vessels showed considerable albuminous degeneration 
of the myocardial fibers, perinuclear edema, frequent nuclear pyknosis, 
slight interstitial edema and congestion, and cloudy swelling. Hepatic 
damage consisted largely of diffuse cloudy swelling and frequent fatty 
vacuolation of the hepatic cells, and occasional centrolobular necrosis. 
In the kidney the lesions involved both glomeruli and proximal tubules 
The glomerular tufts were moderately engorged, and there was some 
hyaline change in the epithelial membranes. Albuminous degeneration 
occurred in most of the proximal convoluted and loop tubules. There 
was some loss of lymphocytes in the splenic pulp cords, slight hyper- 
plasia of the follicular reticuloendothelial cells and moderate hemosid- 
erosis. 

In general these lesions differed in no essential fashion from those 
observed in animals that were exposed to xylidine in air, and the same 
species variations were present in the animals of this series. Hepatic 
damage was particularly severe in cats. 

Relatively slight toxic degenerative changes were found in the car- 
diac, hepatic and renal tissues of animals that survived repetitive expo- 
sure and were killed two months later. 

Animals fatally poisoned by repeated exposures to air containing 
0.114 mg. of monomethylaniline per liter manifested similar toxic 
changes of moderate degree in the cardiac, hepatic, splenic and renal 
tissues. Relatively insignificant lesions were present on gross and 
microscopic examination of the tissues of animals that survived and 
were killed three months later. 

There were no noteworthy lesions in the tissues of a monkey, guinea 
pigs, rats and cats which were killed two months after being repeatedly 
exposed to low concentrations of monomethylaniline (130 periods at 
0.0105 mg. per liter). 

There were no essential abnormalities in the tissues of 4 rabbits 
which had undergone repeated exposures to 0.0097 mg. of monomethyl- 
aniline per liter of air. 
XYLIDINI 


Rabbits, guinea pigs, rats and cats exposed to concentrations of 
0.692 mg. per liter of air gave evidence of subacute and chronic inflam- 
matory reaction in the lungs with the frequent development of inter- 
stitial and lobular pneumonitis, pulmonary emphysema, atelectasis and 
passive congestion. Toxic degenerative changes were noted in the 
heart, the liver and the kidneys of several of these animals. Severe 
edema and congestion were present in the lungs of 2 guinea pigs and 2 
rats that died during this experiment. There were no other significant 
abnormalities except for generalized visceral congestion, and slight cen- 
trolobular degeneration of the liver of the animal subjected to 25 periods 
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of exposure. The 3 cats that died during the experiment exhibited 
similar pathologic changes consisting principally of pulmonary edema 
and congestion, early lobular pneumonia, toxic nephrosis and the 
extremely severe hepatic damage characteristic of acute yellow atrophy. 


Toxic changes of moderate degree were observed in the cardiac, 
hepatic and renal tissues of a rabbit, 3 guinea pigs and 3 rats which 


died when exposed to 0.291 or 0.244 mg. per liter in air. Severer 
effects were found in the tissues of the 4 cats which died early in the 
course of the experiment. Gross and microscopic examination of the 
tissues disclosed extensive hepatocellular degeneration and necrosis, 
usually of central type and uniformly associated with severe fatty 


change. Toxic changes were present also in heart muscle and kidneys. 
Pulmonary congestion and edema were present in all, and lobular pneu- 


monia was well advanced in 2. No noteworthy changes were seen 
; either grossly or microscopically in the tissues of the 2 rats, 7 rabbits 


: and 1 guinea pig which were the survivors of these experiments and 
t were killed at intervals varying from one to two months after the last 
i period of exposure. 

There were no significant changes in the tissues of rabbits, rats and 
guinea pigs which were killed two months after the last of 70 periods 
of exposure to a low concentration (0.085 mg. per liter). The cats 
employed in this experiment, which died after 22 to 31 periods of 
exposure, had generalized acute passive congestion of the viscera and 


moderately severe toxic hepatosis. 


j There were no significant abnormalities in the viscera of 2 cats and 
1 monkey which had been exposed to the concentration of 0.038 mg. 
per liter in air on ninety-two days. 


COMMENT 


Rabbits were more susceptible to the toxic action of monomethyl- 

: aniline than to that of xylidine, probably because the former, unlike the 

; latter, induced frank anemia and hyperplasia of the bone marrow of 
these animals. 

Cats were more susceptible to the toxic effects of xylidine than were 
other species exposed to this compound, the susceptibility being asso 
ciated apparently with relatively severe damage of the liver. 

\lthough both compounds were capable of inducing methemo- 
globinemia in the cat, monomethylaniline was more active in this regard 
However, the extent to which hemoglobin was converted into methemo- 


globin did not appear sufficient in either case to be a determining factor 
in relation to mortality. 

If Heinz bodies occur in the blood of man to an ‘extent that is com- 
parable to their appearance in the blood of cats, in response to the 
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absorption of these compounds, the observation and quantitation of this 
phenomenon should be a useful means of measuring the severity of the 
human exposure. 

An interesting phenomenon in the metabolism of these compounds 
was the diminution in the ability of a rabbit to excrete (presumably to 
form) conjugation products of the compound and sulfuric acid during 
the later periods of exposure, and at a time when no signs of intoxica- 
tion were observed. On the other hand, little or no diminution occurred 
in the capacity of the animal to form a conjugation product of either 
compound and glucuronic acid. The significance of these facts is not 
clear at present, since several mechanisms may be involved. 

The practical hazard associated with the vaporization of these com 
pounds, despite their low volatility, may be appreciable. Due precau- 
tion should be taken to prevent their occurring in other than very low 
concentrations in the air to which men may be exposed, since safe limits 
of concentration for the most susceptible animals were found to lie 
between 0.038 and 0.085 mg. per liter (7.8 and 17.4 p.p.m.) in the case 
of xylidine and between 0.0097 and 0.0326 mg. per liter (2.3 and 7.6 
p.p.m.) in that of monomethylaniline. Careful medical observations 
would be required to establish the safe limits for prolonged human 
exposure, but concentrations of the order of 5 parts of xylidine, or 2 
parts of monomethylaniline, per million parts of air might be considered 
tentatively to be tolerable under conditions in which such observations 
can be instituted. Examinations with respect to the occurrence of 
Heinz bodies and other hematologic abnormalities, together with tests 
of liver function and determinations of the products being excreted in 
the urine, might well be employed in such observations. 


SUMMARY 


Monomethylaniline inhaled in toxic concentrations in air induced 


salivation, cyanosis, labored respiration and general illness in experi- 
mental animals; corresponding inhalation of xylidine induced conjunc- 
tival congestion, nasal discharge, salivation, lacrimation and prostration 


Deaths occurred among animals of various species after repetitive 
exposure to the following concentrations of monomethylaniline vapor : 
rabbits, 0.0326 mg. per liter (7.6 p.p.m.) ; cats, 0.114 mg. per liter (26.6 
p.p.m.). Deaths of guinea pigs and rats were less regularly related to 
the concentrations of this compound in the air inhaled. Concentrations 
of xylidine which caused fatalities under corresponding conditions of 
repetitive exposure were : cats, 0.085 mg. per liter (17.4 p.p.m.) ; guinea 
pigs, 0.244 mg. per liter (50 p.p.m.); rats, 0.291 mg. per liter (60 
p.p.m.). Rabbits survived exposure to the concentrations of xylidine 
tested, with the exception of 1 exposed to the concentration of 0.291 mg. 
per liter (60 p.p.m.). 
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was found in the blood of cats which had inhaled 
either compound in sufficient concentration. Monomethylaniline was 


Methemoglobin 


more active than xylidine in bringing about this change in the hemo- 
globin. 

Heinz bodies appeared in the erythrocytes of cats that had been 
exposed to concentrations of monomethylaniline in air as low as 0.0105 
mg. per liter (2.4 p.p.m.). 

Rabbits exposed to 0.0326 mg. of monomethylaniline per liter (7.6 
p.p.m.) suffered decrease in the number of erythrocytes and in the 
hemoglobin content of their blood. The severity and the rapidity of 
the onset of these changes varied roughly with the concentration of this 
compound in the air. Less severe anemia occurred in guinea pigs 
under comparable experimental conditions. In cats anemia did not 
develop as a result of their inhalation of monomethylaniline vapor, nor 
was there any such effect among any of the animals under the experi- 
mental conditions of respiratory exposure to xylidine. 

\ marked decrease of clotting time was observed in the blood of 
cats, but not in that of other species of animal employed in the experi- 
ments, following exposure to concentrations of xylidine of the order of 
0.244 mg. per liter (50 p.p.m.). 

Rabbits excreted conjugation products of either compound and 
sulfuric acid during the early stages of their exposure to the higher 
concentrations employed, but their ability to do so diminished as inter- 
mittent exposure continued. Rabbits also excreted increased quantities 
of glucuronic acid under conditions of repetitious exposure to xylidine 
in concentrations of 50 p.p.m. or more in the air. Xylidine, as such, 
was also excreted in urine, but not monomethylaniline. 

Pathologic changes were observed in the cardiac, pulmonary, hepatic, 
splenic and renal tissues of animals exposed repeatedly to concentra- 
tions of 0.0326 mg. or more of monomethylaniline per liter of air (7.6 
p.p.m.). Damage to the liver was particularly severe in the cats. No 
toxic changes were observed in the tissues of several species of animal 
following their exposure to 0.0105 mg. of monomethylaniline per liter 
(2.4 p.p.m.). 

Toxic changes in moderate degree were observed in cardiac, hepatic 
and renal tissues of rabbits, guinea pigs and rats that had been exposed 
to 0.244 or 0.291 mg. of xylidine per liter of air (50 and 60 p.p.m), but 
no such evidences of injury were obtained after these animals had been 
exposed to the concentration of 0.085 mg. of xylidine per liter (17.4 
p-p.m.). In the case of cats, on the other hand, generalized acute passive 
congestion of the viscera and moderately severe toxic hepatosis were 
found in association with exposure to the latter concentration (i. e.. 
0.085 mg. per liter) of xylidine. No signs of damage to the tissues of 
either cats or a monkey were observed following repetitive exposure of 
these animals to 0.038 mg. of xylidine per liter of air (7.8 p.p.m.). 
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THE INDUSTRIAL EMPLOYEE WITH MYOCARDIAL 
His Ability to Return to Work 


INFARCTION 


RUFUS BAKER CRAIN, M.D., M.P.H. 
AND 


MORRIS E. MISSAL, M.D. 


With the Technical Assistance of 
KATHLEEN W. WILSON 
ROCHESTER, N.Y 


NLY a few years ago it was generally believed that the great 
majority of persons who had coronary heart disease with myo- 
cardial infarction were no longer able to work and could expect a drastic 
curtailment of their activities. However, studies’ have shown that the 
patient has a considerably longer life expectancy than was formerly 
believed and that during this time he may enjoy a useful life. These 
findings hold much significance for the patient, for his physician and 
for the employer. 

Comparatively few studies have been made of actual industrial expe- 
rience relative to employees having coronary heart disease accompanied 
with myocardial infarction. A study of heart disease among employees of 
the Eastman Kodak Company, Rochester, N. Y., was begun in 1929 and 
was first reported in 1938,* with a progress report in 1941. In the 
latter part of 1947 a special study of coronary heart disease with myo- 
cardial infarction was undertaken by the medical department of the 


From the Medical Department, Eastman Kodak Company 

In the preparation of this article the statistical department of the Eastman 
Kodak Company gave guidance and help in the evaluation and presentation of 
data, and Drs. Ernst P. Boas and Samuel A. Levine critically reviewed the 
manuscript. 

1. (a) Bland, E. F., and White, P. D.: Coronary Thrombosis (with Myo- 
cardial Infarction): Ten Years Later, J. A. M. A. 117:1171 (Oct. 4) 1941. (b) 
Master, A. M., and Dack, S.: Rehabilitation Following Acute Coronary Artery 
Occlusion, ibid. 115:828 (Sept. 7) 1940. (c) Conner, L. A., and Holt, E.: The 
Subsequent Course and Prognosis in Coronary Thrombosis: An Analysis of Two 
Hundred and Eighty-Seven Cases, Am. Heart J. 5:705, 1930. (d) Parkinson, J., 
and Bedford, D. E.: Cardiac Infarction and Coronary Thrombosis, Lancet 1:4, 
1928. 

2. Crain, R. B., and Missal, M. E.: The Employee with Heart Disease: His 
Management in Industry, J. A. M. A. 110:1 (Jan. 1) 1938. 

3. Crain, R. B.: Placement of the Cardiac in Industry, Indust. Med. 12:367, 
1943. 
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Eastman Kodak Company; this study terminated Dec. 31, 1948. The 
results of the study have provided information significant in answering 
some of the questions surrounding the resumption of work following 
infarction. 


Some of the questions to which answers were sought from this study 
follow : 


1. How large a proportion of employees were able to return to work 
after an initial infarction and after subsequent infarctions? How long 


did those returning continue in employment? 

2. What was the known duration of life of those living and of those 
who died in the studied group, after myocardial infarction? 

3. What was the incidence of “immediate” and “delayed” mortality * 
after first, second and subsequent infarctions? 


4. What was the interval of time between infarctions when more 
than one occurred? 


5. What proportion of employees not returning to work were retired 
as having total and permanent disabilities due to coronary heart disease 
accompanied with myocardial infarctions? How long did those retired 
live after disability retirement ? 


6. What effect did arterial hypertension have on the prognosis of 
myocardial infarction ? 


7. What was the period of convalescence following myocardial 
infarction ? 


MATERIAL AND CRITERIA OF MYOCARDIAL INFARCTION 


For the purpose of the study, data were drawn from medical records of 
employees of the company’s Rochester plants—Kodak Office, Camera Works, 
Hawk-Eye Works and Navy Ordnance Division—which in 1948 had a total employ- 
ment in excess of 30,000. Approximately 500 medical records of employees or 
former employees with heart disease were scrutinized, and 184 cases were selected 
which met the standards established for this special study of myocardial infarction. 
In no sense is this group intended to be representative of the heart disease with 
myocardial infarction occurring among the total working force. In general these 
standards included the criteria formulated by the criteria committee of the New 
York Heart Association adopted by the American Heart Association,® and were 
supplemented by further requirements as follows: 


1. Classic electrocardiographic changes: For routine electrocardiograms, 
usually three limb leads and a single chest lead were used. The latter until recently 

4. In the subsequent discussion, some arbitrary divisions have been made to 
classify deceased employees; i. e¢, “immediate” death is that occurring within 
twenty-four hours, and “delayed” death is that occurring after the first twenty- 


four hours but within two months. 


5. Nomenclature and Criteria for Diagnosis of Diseases of the Heart, ed. 4, 
New York Heart Association, 1939, 
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was the CF, lead, more recently Vi has been used. Only classic changes in the 
ST and T waves of the limb leads or chest lead have been accepted as evidence of 
myocardial infarction.* 

2. A convincing history of chest pain and/or circulatory collapse (usually with 
classic electrocardiographic changes). 

3. Conclusive medical department records and/or confirmatory data from the 
attending physicians, often including information obtained during hospitalization. 
Where information was required beyond the company’s own records, a questionnaire 
was sent to the attending physicians. Their cooperation in answering the question- 
naires was satisfactory and contributed materially to the survey. 

In most of the cases selected, leukocytosis and a high sedimentation rate were 
observed at one stage of the illness. 

The medical histories covered periods from one to twenty years. 


MANAGEMENT OF EMPLOYEES HAVING CARDIAC DISEASE 


Before discussing in detail the results of the study, it might be of 
interest to outline briefly the company’s policies by which employees 
are assisted in returning to work after myocardial infarction. Close 
contact is maintained with the patients through discussions with their 
physicians and through visits by the company’s nurses, who call on the 
employees during the periods of absence from work 

When the private physician indicates that the employee has recovered 
to the point where he can return to work, the medical department 
arranges for an interview and examination. Our experience has shown 
that best results are obtained in these cases if the patients are allowed 
liberal periods for convalescence prior to resuming work. Usually, the 
employees are first returned to work on a part time basis. 

For guidance of the company’s doctors, the following standards 
have been set up and must be met in each case before the patient is given 
permission to return for part time work: 

1. Symptoms of coronary insufficiency or heart failure must be absent or 
minimal. 

2. Serial electrocardiograms must show stabilization of the infarct. 


3. The sedimentation rate and the white blood cell count must approximate 
normal. 


4. The employee's job must be within his work tolerance and without hazard. 


Every effort is made to have the employee return to his former 
occupation. In some cases, where practical, this is accomplished by the 
elimination of stressful features of the job. This, as a rule, assures the 
employee his regular wage and prevents his being separated from his 
friends and fellow workers. Under certain circumstances, decreased 
cardiac tolerance and/or nervous instability present problems in some 


6. Katz, L. N.: Electrocardiography, Including an Atlas of Electrocardiograms, 
ed. 2, Philadelphia, Lea & Febiger, 1946. 
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types of factory work. In such cases an effort is made to persuade the 
employee that he should be satisfied with a somewhat reduced income 
in the interest of improved health. 

After two or three weeks of part time work, the employee generally 
is returned to full time work. He is followed closely for several months 
after return to work. Subsequently, periodic check-ups are made on a 
regular schedule every three to six months, depending on the circum- 
stances of the particular case. All treatment is prescribed by the family 
physician except in emergencies. 

An attempt is made to analyze the employee's activities outside the 
plant. Suggestions are made for conservation of effort so that home 


responsibilities and transportation problems do not tax the employee any 
more than is necessary. Kuhn?’ pointed out the importance of evalu- 
ating the employee’s outside activities before holding his regular work 


responsible for the production or the aggravation of cardiac symptoms. 


COMPENSATION ASPECTS OF HEART DISEASE 


i A few claims have been made against the Eastman Kodak Company 
: for presumable heart disease caused or aggravated by occupation. These 
have been heard before the New York State Workmen’s Compensation 


Board, but only 1 case has been adjudicated as compensable. 


ANALYSIS OF 


DATA 


iS : This analysis of the 184 cases of myocardial infarction is in the 

i strictest sense an interim report. First, the application of the rigid 
: criteria reduced the number of cases suitable for the study. Second, 
§ the closing date of the study, Dec. 31, 1948, weighted the results heavily 
: with employees still working, many of whom had had infarctions within 
' the past three or four years. 
i It was found that the 184 cases of coronary heart disease with myo- 
: cardial infarction could logically be divided into three groups: (1) 


those without arterial hypertension, (2) those with hypertension and 
(3) those whose myocardial infarction accompanying coronary disease 
was combined with other etiologic types of heart disease. 


STATUS ON DEC 31, 1948 OF EMPLOYEES WHO HAD SUFFERED 


MYOCARDIAL INFARCTION 


lable 1 gives the status of 184 employees on Dec. 31, 1948, the 
closing date of the study. 


7. Kuhn, P. H.: Observations on Cardiovascular Patients in Industry : 
Results of a Six-Year Study in a Small Industrial Plant, Indust. Med. 17:461, 
1948 
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ABILITY OF EMPLOYEES TO 


MYOCARDIAL 


RETURN TO 
INFARCTION 


WORK AFTER 


It was hoped that the study would shed some light on the influence 
of arterial hypertension in cases of myocardial infarction. For this 
reason, the patients were divided into two groups—those without and 


TaBLe 1.—Status on Dec. 31, 1948 of 184 Employees Who Had Undergone 


Myocardial tion* 


Percentage Pereentage 


Number in of Total ot Group 
Status Group Number (154) Living 

Living LM“ 72.8 100.0 

Working ..... doses ee 51.6 
(a) Normal retireme nt (17) ( 92) (12.7) 
(>) Total and permanent disability vines (15) ( 82) (11.2) 
Sick leave .... 5 2.7 4. 
Status unknown .... 2 11 
* This total includes 181 male and $ female employees. 4 


with Myocardial Infarction to Return to Work 


Tasre 2.—Ability of 184 Employees 


Myocardial 


Myocardial Myocardial Infarction 
Infaretion Infaretion with 
All Without with Multiple 
Diagnoses Hy per rtension Hy pertension Causes* 
No, % No % No. % No 
Total number of apres in group 
184 100.0 126 6100.0 1000 4 1000 
Number and pereentage whe did not 
resume work .......-.... 3 8621.2 21¢ 16.7 16 29.6 2 50.0 


Working 12/31/48 


Normal retirement ..... 17 92 ll 8.7 5 93 1 25.0 : 
Total and permanent disability 
retirement ... ll 6.0 6 4.8 5 9.3 : 

Absent for Naneous 
reasons # ..........- ‘4 2.2 2 1.6 2 36 


* The additional etiologic factors were rheumatic and thyroid heart disease 
+ Included in the group were 4 employees without arterial hypertension who were on sick ‘ 
leave. 
$ Two employees are included whose length of time worked ie unknown. 
# This includes resignation and sick leave at the close of study. 


those with high blood pressure. A small number of whose myocardial 
infarction had multiple causes are also included. Those regarded 

having hypertension were employees who for a period of years had 
shown consistent systolic blood pressure reading over 150 mm. and 
diastolic readings consistently over 90 mm. of mercury. The majority 
of the employees who were included in the study as having arterial hyper- 
tension had blood pressures well over the lower limits specified. 
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Number eree who resumed 
wor, 105 83.3 386 70.4 2 50.0 
% 516 ? 0.5 19 35.2 1 
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While there were some differences in age at myocardial infarction 
between the group with high blood pressure and the group without this 
condition, they were not sufficient to alter the conclusion that in general 
a smaller proportion of the employees with arterial hypertension were 
able to return to work after myocardial infarction. The weighted 
average age of these employees at infarction was 54 years while that of 
the employees in the group without arterial hypertension was 52. The 
group with multiple causal factors is too small for comment. 

Table 2 also shows that 39 employees, or 21 per cent of the 184, did 
not resume work after their first infarction. The percentage of those 
with high blood pressure who did not return was higher than that of 
the employees who were free from this condition. 


NUMBER OF 


YEARS EMPLOYEES WORKED AFTER INFARCTION 


One hundred and forty-five, or 79 per cent, of the 184 employees 
returned to work after first infarctions. Ninety-five employees were 
still working on the closing date of the study; hence the total length 
of time these worked is indeterminate. Definite information as to number 
of years worked is provided by the smaller group of employees who 
resumed work and subsequently died or who retired because of total 
and permanent disability. Attainment of the required age and length 
of service for normal retirement is an artificial factor which intervenes, 
but brief comment is also made regarding the normal retirement group. 

Employees Working on Dec. 31, 1948.—By far the most interesting 
group in respect to the years they worked after myocardial infarction 
are the 95 employees who were still at work on Dec. 31, 1948. This 
group, as shown in table 2, comprises slightly more than half of the 
total number included in the study; the group is 65 per cent of the 
number who resumed work. 

Of the 95 employees working, 75 were not subject to arterial hyper- 
tension, 19 were, and 1 had infarction due to multiple causes. Fifty- 
eight, or 77 per cent, of the 75 who did not have arterial hypertension 
had worked up to five years at the close of the study; 11, or 15 per cent, 
had worked between five and ten years, and 6, or & per cent, had worked 
over ten years, the last group including 1 emplovee who had worked 
eighteen years. 

Of the 19 employees who had arterial hypertension, 16, or 84 per 
cent, had worked up to five years, and the remaining 3, or 16 per cent, 
had worked between five and ten years 

The 1 employee whose myocardial infarction was due to multiple 
causes had been at work only part of one year. 

It is interesting to note that 1 employee had an infarction at age 46 
and up to Dec. 31, 1948 had worked eighteen years following his return. 
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The heavy concentration of employees showing work periods of up to 
five years is due to the fact that 70 employees had infarctions within the 
past five years, some of whom had more than one infarction in the 
interval. The remaining 5 with short working periods included those 


having second or subsequent infarctions or extended periods of recovery. 


This study indicates that myocardial infarctions tend to occur in 
the middle and later years of life, as shown in table 3. A similar distri- 
bution respecting age at onset of the first infarction was found when all 
184 of the patients studied were considered. As shown in table 3, 
slightly more than 83 per cent of the 95 persons still working had 
suffered infarctions in the fourth and fifth decades of life, and just under 
10 per cent had suffered infarctions in the sixth decade. 


TasLe 3.—The 95 Employees Working on Dec. 31, 1948—Age at First Infarction 


Number of Employees Who Had Worked 
the Indicated Years 
Employees Working ——-— ~ 
Age at First Infarction -— Up to 5 to wWtols 6 
fr. (inel.) No " 5 Yr. Yr. Yr Yr. 


1 1 
3 3 


% of total........... 100.0 


Since there is but a moderate variation as to recency of infarction 
between the employees with arterial hypertension who recovered and 
returned to work and the employees who did not have this condition 
who recovered and returned to work, longer working periods are 
reflected in the latter group. None of the employees with hypertension 
had worked beyond ten years, while about 8 per cent of the employees 
who did not have that disease had work periods exceeding ten years 
up to Dec. 31, 1948. 

Employees Who Resumed Work and Subsequently Died.—Of the 
145 employees who resumed work, 18 died during their subsequent 
years of work. These employees worked an average of four and a half 
years in the interval between their return and death. Their average age 
at death was 55 years 

In this total there were 11 employees without arterial hypertension 
who had an average of four years and eleven months of service following 
their return. The 7 who had hypertension worked an average of four 


ane 

and Years They Worked up to Dec. 31, 1948 “— 

$5-30........ 3 3.1 3 os es ‘ 

40-44......- 8 a4 7 1 ee 

24.3 16 5 1 1 

100.0 % 5 1 

73.9 14.7 5.3 11 
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years after returning to work. The average age at death for those who 
were not hypertensive was 53 years 9 months, and for those who were 
hypertensive, 57 years 3 months. 

Employees Who Resumed Work and Subsequently Retired as Hav- 
ing Total and Permanent Disabilities*—Eleven of the 145 employees 
who resumed work after the first infarction subsequently retired as 
having total and permanent disabilities. They had an average of one and 
a half years of service following their return to work when they were 
retired. Their average age at retirement was 57 years 8 months. 

The 11 employees included 6 who did not have high blood pressure 
and who had worked an average of one and a half years up to retirement, 
compared with 5 who suffered from arterial hypertension and who had 
worked an average of one year and seven months up to retirement. 
The average at retirement for the first group was 57 years 8 months 
and for the second 59 years 6 months.“ 

Employees Who Resumed Work and Subsequently Retired Nor- 
mally.—Sixteen of the 145 employees worked through to their normal 


: retirement dates. This group had an average of four and a half years 
i of service following return to work up to retirement, and a retirement 
i i age slightly above 65 years. 
q : Of those given normal retirement, 11 were free from arterial hyper- 
i tension and had worked an average of five years and three months up 
: to retirement, and 5 had high blood pressure and had worked an average 


of two years and nine months up to retirement. 


NUMBER OF 
THEY 


DECEASED EMPLOYEES 
HAD LIVED AFTER 


AND 


LENGTH OF TIME 
INFARCTION 


FIRST 


Fifty of the 184 employees included in the study died, comprising 23 
£ who did not have arterial hypertension, 25 who suffered from high blood 
pressure and 2 whose myocardial infarction had multiple causes. In 


£ 8. Master, A. M.: (a) Coronary Artery Thrombosis, with Treatment by 
Prolonged Rest in Bed and Low Calory Diet: Improved Prognosis, J. A. M. A. 
105: 337 (Aug. 3) 1935. (b) Acute Coronary Artery Disease: History, Incidence, 
Differential Diagnosis and Occupational Significance, Am. J. Med. 2:501, 1947. 


8a. The company provides retirement annuities for men at age 65 after twenty 
years of service and for women at age 60 after fifteen years of service. With the 
company’s approval, employees who have attained the required service may retire 
up to ten years earlier than their normal retirement ages. Employees with fifteen 
or more years service who become totally and permanently disabled receive dis- 
ability payments under the company’s plan up to normal retirement age, after which 
the regular retirement annuity payments are commenced. Employees who subscribe 
to group life insurance are covered for disability payments to the extent of the face 
value of the life insurance carried. 
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this group of 50 employees there were 47 whose age at first infarction 
was known. Table 4 gives the age at first infarction and shows the 
years lived subsequent to infarction. 

Approximately 42.5 per cent of those deceased were employees who 
died immediately or within two months after their first infarction. 
Thirty-four per cent of all the deceased employees survived up to 5 
years, 13 per cent lived 5 to 10 years, and a little more than 10 per cent 
lived 10 to 15 years. 


Taste 4.—Age at First Infarction and Years Lived After First Infarction of 
47 Deceased Employees* 


Number Who Lived 
Number the Given Period After 
of Imme First Infarction 
Deceased Employees diate or — 
Age at First Infarction, ; — Delayed Up to 5 to 10 10 to 15 
Yr. cinel.) No % Deathst 5 Yr Yr. Yr 
Employees Without Hypertension 


% of total... $1.1 dues 19.2 
Employees With Hypertension 
4-44.... 
45-49 
56-50.... 
6-60 
70-74... 
% of total 24 
Total no. of employees... ‘ 6 5 


* The number includes 1 employee whose myocardial Infarction was due to multiple causes 
and who did not have arterial hypertension 

+ Immediate death is that occurring within twenty-four hours after the coronary attack; 
delayed death is that oceurring after the first twenty-four hours but within two months. 

$ This total excludes 3 employees whose age at first infarction could not be determined 


In separating those who did not have arterial hypertension from 
those who did have it, a difference is noted in the duration of life follow- 
ing infarction. Five in the first group lived 10 years or more, whereas 
not a single emplovee in the second group lived more than eight and 
a half years. 

Except for 1 deceased employee the cause of whose death was 
unknown all the deceased group had cardiac deaths, according to the 
death certificates reviewed. The relative importance of contributing 
causes, such as nephritis, embolism and cerebral hemorrhage, could not 
be evaluated from the records available. 
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“IMMEDIATE” AND “DELAYED” MORTALITY OF EMPLOYEES 
HAVING UP 


TO FOUR INFARCTIONS 


In the left hand column of table 5 is shown the proportional rela- 
tionship of deaths to cases of myocardial infarction studied, both in the 


TABLE 5.—“Immediate” and “Delayed” Mortality of Employees Having up to Four Infarctions 


Immediate and Subsequent Mortality 


Employees Employees Employees 
Employees Studied and W hose Whose Whose Employees 
Employees Who Died Deaths Were Deaths Were Deaths Who Died 
Immediate Delayed Occurred atap 
Employees (Within (Within 2 or More Unknown 
Em- Who Died 24 Hr.) 2 Mo.) Mo. Later Date 
in % ot % of % of % of % of 
Group No. Group No. Group No. Group No. Group No. Group 


All Groups 


Total of employees studied....... 184 50 21.2 a7 20.1 4 22 a 44 1 0.5 
Group having: 


1 infaretion aceces 151 27 14.7 15 8.2 ‘ 2.2 7 3.8 1 0.6 
® 2 infarctions a 26 17 9.2 16 8.7 1 0.5 

infarctions 6 5 2.7 2.7 

4 Infaretions 1 1 0.5 1 05 


Myocardial Infaretion Without Arterlal Hypertension and Myocardial Infarction 
with Rheumatic and Thyroid Heart Disease Without Arterial Hypertension 


Total of employees without 
hypertension.. scccscosesa SOO 26 19.2 20 15.3 1 08 3° 23 1 08 
Group having: 


1 infarction. 
2 infaretions. 
3 Infaretions 
4 infarctions 


Total of employees with 
hypertension... . 54 25 46.3 7 14 3 5.6 93 
Group having: 


1 infaretion 


2 infarctions ill 5 9.3 es ove 1 


stoves 5.6 3 56 
4 infarctions 1 1 18 1.8 


3 infarctions 


oo 


* These 3 died, respectively four years and one month, ten years and three months and fourteen years later. 


+ These died, respectively, ten months, one year (after second infarction), three years and two months, three years and 
three months, and four years and four months later. 


total group and in various subgroups. Throughout the table, percent- 
ages have been calculated in relation to the total number in each group. 

The relationship of arterial hypertension is interesting. In the group 
with hypertension, 46.3 per cent were deceased, contrasting with 19.2 
per cent dead who did not have hypertension. There is an “immediate” 
mortality of 31.4 per cent in the former, contrasting with 15.3 per cent 
in the latter. 


— 12 92 54 1 0.8 8 2.3 1 0.8 

; Myocardia) Infarction with Arteria] Hypertension 
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INCIDENCE OF FIRST AND SUBSEQUENT INFARCTIONS 

According to table 6, the incidence of subsequent infarctions tends 
to be somewhat greater among those with arterial hypertension than 
among those who are free from that condition. 

The range of time elapsed between infarctions is a large one. For 
the 26 employees who had two infarctions, the range was from two 
months to almost eleven years. The 6 employees who had three infarc- 
tions had an interval between the first and second ranging from one year 
to six years; the intervals between the second and third infarctions were 
from one month to five years. One employee had four infarctions, the 
last of which caused his death. The interval between his first and second 
infarction was one year and three months; that between his second and 
third, two years and eight months, and that between his third and fourth, 
1 year and seven months. 


Tare 6.—I/ncidence of First and Subsequent Infarctions 


All Persons Persons 
with with 
Diagnosis Persons Persons with Multiple 
of Myo Without Arterial Causes 

cardial Arterial Hyper of Cardiac 
Infarction Hypertension tension Disease 
% of % of % of 
Infaretions No Total I Total : Total 
151 82.1 M1 
14.) 
3.3 


5 


100.0 26 100.0 


EMPLOYEES WHO DID NOT RETURN TO WORK AND WHO RETIRED 
IMMEDIATELY AS HAVING TOTAL AND PERMANENT 
DISABILITIES AFTER MYOCARDIAL INFARCTION 


Twelve, or 31 per cent, of the 39 employees who did not return to 


work after first infarctions retired because of total and permanent dis- 
ability. 


Eight did not have arterial hypertension, and 7 of these were living 
at the close of the study with periods of life after infarction ranging 
from one to four years up to Dec. 31, 1948. The age range at retire- 
ment was from 48 to 65 vears. 

Four employees who retired because of total and permanent dis- 
ability had high blood pressure. Three of them died; 1 was living. The 
deceased employees lived from one month to eight vears after infarc- 
tion, and the duration of life for the 1 active employee was two and a 
half years up to the close of the study. These emplovees were from 41 
to 60 vears of age at retirement 
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PERIOD OF CONVALESCENCE 


In this study, the period of convalescence following myocardial 
infarction varied from two to six months, and the presence of arterial 
hypertension did not materially affect the length of this period. In 
some of the earlier cases convalescence was prolonged six months, in 
keeping with the current medical thought of that time. Shorter periods 
of convalescence are now experienced with the present tendency toward 
early ambulation. 

COMMENTS 


1. Our experience with a group of 184 employees who had myocar- 
dial infarction among active, retired and deceased employees of Eastman 
Kodak Company, Rochester, N. Y., has been reviewed. The periods 
of observation varied from one to twenty years. While the experience 
reflected in this present study is not an adequate one from which to 
draw broad conclusions on either the expectancy of return to work or 
the number of years such employees work after myocardial infarction, 
the study does show that well over three quarters of the employees 
included did return to work. A substantial number had fairly long 
periods of useful service following their return. 


2. One hundred and thirty-four, or 72.8 per cent, of the original 184 
employees were living on Dec. 31, 1948. Of these 134 living employees, 
71 per cent were at work at the close of the study (table 1). Conner 
and Holt * repcrted a series of 287 cases; in 117, or 40.7 per cent, the 
patient was living. Their cases were observed from the time of the 
first attack; the length of time was not stated. 


3. There was little difference in the age at occurrence of myocardial 
infarction when the groups with and without arterial hypertension were 
compared. Both groups included employees who recovered from initial 
as well as from second infarctions. 

4. Of the total of 184 employees, 145, or 78.8 per cent, resumed 
work, and 95, or 51.6 per cent, of the total group were still working 
at the close of the study (table 2). In comparison, a study by Master,®* 
in 1935, of 75 patients showed that 62.5 per cent returned to their 
usual routine of life or work, and a study by Master and Dack,? in 1940, 
showed that of 415 patients more than half returned to work on full 
or part time. A later study by Master,*® in 1947, of 422 patients showed 
53 per cent returning to work. In a study of coronary occlusion in 
industry, Levine and Phillips ® found that 66.6 per cent of 84 patients 
returned to work after myocardial infarction. Eighty-three per cent of 
the persons without hypertension in this study were able to resume 


9. Levine, E. B., and Phillips, E.: Coronary Occlusion in Industry: A Study 
of Eighty-Four Cases with Reference to Subsequent Employability, Am. Heart J. 
29:588, 1945 
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work, compared with 70 per cent of those with that condition (table 2). 
The first group worked a longer time than the second, suggesting that 
hypertension has some effect on a person's ability to return to work and 
on the duration of his working life after an infarction. 

5. Of the deceased employees, those without hypertension had 
enjoyed a longer duration of life following myocardial infarction. None 
of those who had hypertension lived more than eight and a half years, 
while 5 of those who were free from that condition lived more 
than ten years (table 4). Bland and White ™ also found that rela- 
tively few patients with hypertension survived a ten year period. 

6. The effect of hypertension is reflected in the “immediate” and 
“delayed” mortality. In the group of 54 employees with myocardial 
infarction and hypertension, 31 per cent died “immediately,” contrasted 
with 15 per cent of the 130 employees of the group which was free from 
hypertension (table 5). 

In this study the “immediate” over-all mortality following the first 
infarction was 8.2 per cent; some of the persons whose deaths followed 
the first infarction directly were admitted to hospitals, and some were 
treated at home. It is interesting to compare this figure with that of 
Rosenbaum and Levine,'® who reported that of 208 patients “those 
patients who died as a result of this first attack or its complications 
totaled 68, or 33 per cent.” They, in turn, compared their figure with 
others and stated “this is a figure which we recognize as being definitely 
higher than the 8 per cent of Master, Jaffe and Dack,™ the 16.2 per 
cent found by Conner and Holt,’* or the 24 per cent cited by Howard."?” 
They continued: “However, all our patients were sick enough to require 
admission to a hospital, and thus the series does not include those with 
a milder form of illness who did not come to a physician until after they 
had recovered or who could be cared for at home.” 

Rosenbaum and Levine referred to the study by Cooksey ** in 
which the latter reported a mortality rate of 39.6 per cent covering initial 
as well as recurrent attacks of myocardial infarction. This compares 
with our findings of a 20.1 per cent mortality rate covering all infarctions. 

Opinions vary in regard to the influence of hypertension on prog- 
nosis. In 1935 Master * stated: “Emphasis must be placed on the role 


10. Rosenbaum, F. F., and Levine, S. A.: Prognostic Value of Various 
Clinical and Electrocardiographic Features of Acute Myocardial Infarction: I. 
Immediate Prognosis, Arch. Int. Med. 68:913 (Nov.) 1941, 

11. Master, A. M.; Jaffe, H. L., and Dack, S.: The Treatment and Immediate 
Prognosis of Coronary Artery Thrombosis, Am. Heart J. 12:549 (Nov.) 1936. 

12. Howard, T.: Coronary Occlusion, Based on the Study of One Hundred and 
Sixty-Five Cases, M. Times & Long Island M. J. 62:337 (Nov.) 1934. 

13. Cooksey, W. B.: Coronary Thrombosis: Follow-Up Studies with Especial 
Reference to Prognosis, J. A. M. A. 104:2063 (June &) 1935. 
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that hypertension plays. All patients who succumbed within twenty- 
four hours had previously been subject to this disorder. It is therefore 
apparent that the prognosis is worse in patients who have hypertension.” 

In 1941 Rosenbaum and Levine *® found “the mortality for those 
patients with previous hypertension was 36 per cent, as contrasted with 
a rate of 24 per cent for those with a previously normal blood pressure.” 

In 1941 Bland and White '* stated: “There seemed to be no striking 
effect of slight or even moderate degrees of hypertension on the outcome 
of the acute attack or on the status during the first few years thereafter. 
However, the added burden on the heart over a period of years is sug- 
gested by the relatively few patients with hypertension who survived 
the ten-year period.” 

3oas '* found “the presence or absence of hypertension does not seem 
to affect the outlook but marked cardiac enlargement is an unfavorable 
element.” 

7. The intervals of time between first and subsequent infarctions are 
given in the report. Conner and Holt *© reported that “among the 
patients having two or more attacks the time interval between the first 
and the second attack was less than one year in half of the cases and 
in the other half varied from one to eighteen years.” 


SUMMARY AND CONCLUSIONS 


Additional evidence has been presented indicating that the patient’s 
outlook for returning to work after myocardial infarction is better than 
formerly thought. In this study, nearly 79 per cent of the original 184 
employees were able to resume work—some for substantial periods of 
time. 

A higher percentage of the employees who did not have arterial 
hypertension were able to resume work and worked for longer periods 
of time than employees who did have arterial hypertension. 

Proper job placement and close medical supervision have contributed 
to the improved picture of the employee’s ability to resume work. The 
existence of a liberal sickness allowance program and cooperation of 
the company in allowing employees to resume work gradually have been 
important factors in the rehabilitation of this group. 

As the employee group under consideration included trained 
employees, some highly skilled, as well as department heads and execu- 
tive personnel, their capacity to return to work and to work for extended 
periods has been of importance to the company as well as to the employees 
and their families. 


343 State Street 


14. Boas, E. P Treatment of the Patient Past Fifty, ed. 3, Chicago, The 
Year Book Publishers, Inc., 1947, p. 114 


4 

om 

a 

3 

: 

fs 

: 

“ : 


TOXICOLOGIC STUDIES ON CERTAIN 
COMMERCIAL SILICONES 
Il. Two Year Dietary Feeding of “DC Antifoam A” to Rats 


Vv. K. ROWE, MS. 
H. C. SPENCER, Ph.D. 
AND 
S. L. BASS, Ph.D. 
MIDLAND, MICH. 


MONG the industrially available silicones studied previously,’ only 
one appeared to require detailed consideration as a possible com- 
ponent of edible products. This silicone is a methylpolysiloxane com- 
pound designed for use in controlling foam in aqueous systems and is 
available commercially under the name of “DC Antifoam A.” ? 

Since it was introduced to the process industries about three years 
ago, this silicone has been found to be effective against foam in the 
processing of certain food products, beverages, drugs and cosmetic 
preparations. When used in concentrations of from 0.25 to 10 parts 
per million (p.p.m.) it has been found to prevent or suppress foam in 
(1) the bottling of carbonated beverages, flavor extracts, molasses and 
perfumes; (2) fermentation processes, such as wine and yeast produc- 
tion; (3) sugar refining; (4) concentration of fruit juices by vacuum 
evaporation; (5) production of chewing gum base; (6) processing and 
packaging of edible oils; (7) distillation of alcohol and flavoring mate- 
rials; (8) extraction of vitamins of fish oils; (9) processing meat 
residues; (10) production of gelatin. Since the silicone antifoaming 
agent might remain in certain edible products because of its non- 
volatility, it became necessary to determine whether any physiologic 
effects would result from the long term ingestion of small quantities of 
“DC Antifoam A.” 


Preliminary feeding experiments on small groups of rats over a 
three month period showed that concentrations of the tested silicone up 


From The Dow Chemical Company Biochemical Research Laboratory (V. 
K. Rowe and H. C. Spencer) and the Dow Corning Corporation (S. L. Bass). 

1. Rowe, V. K.:; Spencer, H. C., and Bass, S. L.: Toxicological Studies on 
Certain Commercial Silicones and Hydrolyzable Silane Intermediates, J. Indust 
Hyg. & Toxicol. 30:332-352, 1948. 

2. Silicone Notebook, Compound Series 1, “DC Antifoam A,” Dow Corning 
Corporation, January 1949. 
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to 1.0 per cent in the diet could be tolerated without any ill effects.’ A 
long term feeding experiment was then started in order better to eval- 
uate any chronic oral toxicity. The previous paper‘ reported the start 
of a two year feeding test using groups of 25 male and 25 female rats 
on a diet containing 0.3 per cent of the silicone. This concentration 
(3,000 p.p.m.) is about a thousand times the average concentration 
likely to be encountered in ordinary usage. The present paper reports 
the results of this two year feeding study. 


AVERAGE BODY WEIGHT GRAMS 


ANTFOAM A 


1 


1 
330 


1 


300 


TIME -DAYS ON EXPERIMENTAL DIET 


Growth curves of male and female rats during a two year dietary feeding 
experiment with “DC Antifoam A.” 


EXPERIMENTAL PROCEDURE 


The modified Sherman diet, which has been used successfully for several 
years in this laboratory, served as the control and basic diet in this investigation. 
The following ingredients were used in the preparation of this stock diet: 


Per Cent 

by Weight 
Whole wheat, freshly 
lodized table salt...... bas 2 


The experimental diet was prepared by thoroughly mixing the antifoaming 
agent with the stock diet to give a diet containing 0.3 per cent by weight of the 
silicone. No diet preparations over a month old were used. 


All of the rats used in this work were progeny of stock obtained by this 
laboratory from the Wistar Institute in 1938. These animals were maintained 
on the stock diet from the time of weaning until they were from 2 to 3 months 


200 

¥ 

a = 

x 

- 

200 
A “4 
2 

= 

-%0 ° so 100 190 200 380 so 680 700 730 

4 | 

z 
x 

3 

j 


ROWE ET AL.—-COMMERCIAL SILICONES 541 


of age, when they were divided according to body weights into well matched 
groups of 25 rats of each sex and started on the diet containing 0.3 per cent 
of the antifoaming agent and on the control diet. 

Five rats of the same sex were caged together in wire bottom cages. The 
animals had free access to food and water at all times. All the rats were 
weighed twice a week throughout the experimental period. Records were kept 
of the body weight and general appearance of each animal. Whenever possible 
the animals that died during the course of the experiment were examined in an 
effort to ascertain the cause of death. 

A group of 10 female rats receiving the diet containing 0.3 per cent of the 
tested silicone and a similar group of controls were selected for periodic hemato- 
logic studies during the course of the experiment; in addition, hematologic exami- 
nations were made on all surviving rats, both males and females, at the end of 
the two year experimental period. 

After two years on the diet containing the antifoaming agent, all the sur- 
vivirig rats were starved overnight, weighed, killed by decapitation and examined. 
Organs (heart, liver, kidneys, spleen and testes) were weighed; oxalated blood 
was saved for urea nitrogen determination, in which the diacetyl monoxime 
method was used,’ and a portion of the liver of each animal was frozen with 
solid carbon dioxide for determination of the total lipid content. Total lipids 
were determined gravimetrically on alcohol-ether extracts. Hematoxylin and 
eosin-stained sections of the following organs were prepared: lung, heart, liver, 
kidney, spleen, adrenal glands, pancreas, testis or ovary, bone marrow, stomach, 
small intestine, voluntary muscle, bladder, lymph node, thyroid gland and brain. 
Frozen sections of liver and kidney were stained with oil red O. 
EXPERIMENTAL RESULTS 

Throughout the two year experimental period there was no appre- 
ciable difference between the control groups and those receiving the 
diet containing 0.3 per cent “DC Antifoam A” as judged by gross appear- 
ance and behavior, growth (chart), survival (table 1) and incidence of 
spontaneous diseases. Except for an epizootic of pneumonia in the 
male rats at the start of the experiment, the incidence of spontaneous 
diseases was quite low for the first several months. More deaths were 
caused by respiratory infections than by any other trouble during the 
course of the experiment, although several deaths in the females of both 
groups were due to tumors or to infections of the ovary or the uterus 


or both. 


The average hematologic values obtained on female rats during 
the course of the experiment and on surviving rats of both sexes at 
the end of the experiment are given in table 2. There was no indication 
of any hematologic effect that might be attributed to the prolonged 
feeding of the antifoaming agent in the diet. 

At the end of the two year experimental period there was no apparent 
difference between the control rats and those that received the silicone 


3. Barker, S. B.: The Direct Colorimetric Determination of Urea in Blood 
and Urine, J. Biol. Chem. 152:453-463, 1944. 
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so far as could be judged by gross observations. At autopsy a majority 
showed some abnormality of the ovary or the uterus or both (i. e¢., 


Taste 1.—Survival Data on Rats Used in a Two Year Dietary 
Feeding Experiment with “DC Antifoam A” 


Survival, per cent 


0.3 per cent “DC Antifoam A. 


: / Taste 2.—Average Hematologic Values for Rats Used in a Two Year 
cs : Dietary Feeding Experiment with “DC Antifoam A” 
' Total Total 
4 Erythrocytes, Leukocytes, 
Bs Millions Hemoglobin, Thousands Neutrophils, 
‘ Rats per©.Mm. Gm. per 100 G per O. Mm. per Cent 
4 Diet Sex 00% 0.3% 00% 03% ow 0.3% 0.0% 0.3% 
0 F 10 10 95 82 M49 138 189 7 2 
61 Fr 10 99 9.6 14.2 146 15.0 $5 380 20 
lov F 9 10.2 2.6 12.5 17.0 30 23 
236 F 91 10.1 14.0 15.3 91 0.5 31 19 
337 F 6 7 9.0 92 14 13.8 10.7 8.7 2 2 
F 4 6 16.1 14.3 15.1 94 33 a2 
F 3 2 104 9.3 M42 10.6 16.0 35 
2 P 4 1 94 9.0 14.1 13.3 10.3 7.5 37 46 
79 Fr 7 3 9.0 9.0 13.1 13.4 12.7 12.6 32.48 
T20 M 3 5 11.3 10.5 15.9 14.7 7.7 15.5 24 21 


3 per cent “DC Antifoam A 


in degree 


showed some abnormality of the 


* The percentage indicates the diet fed: 0.0%, the control diet; 0.3%, the diet containing 


* The percentage indicates the diet fed: 0.0%, the 
congestion and/or consolidation) varying 


ovary 


7 12.5 


Females Males Both Sexes 

Daye on Experiment 0.0%* 0.3%° 00% 038% 0.0% 0.3% 
2% 25 2% 50 
0 25 24 2 “4 ay 4s 
0 2 22 21 22 45 4 
23 21 » 21 43 a 
wo 23 21 19 21 a2 42 
23 21 18 21 2 a2 
120... 23 20 18 21 42 41 
1% 2 17 21 4) 
22 20 7 20 #0 
210 22 20 7 40 
240 20t 20 15 20 35 #0 


t Two rats were killed for control blood analyses. 


or 


the 


control diet; 0.3%, the diet containing 


from very slight to advanced 
Among the female rats, about half of the control animals 


uterus or both (i é., 


I 15 9 36 

ase 16 17 l4 16 33 
15 17 13 16 Ra 
q 420 l4 17 12 
450 lu 17 31 
4 16 ll 13 2 
3 510, 16 il 10 26 
570. 10. 7 10 17 21 
600 9 7 16 18 
i 620... 9 6 9 15 18 
@0.... ‘ 5 4 6 13 ll 
7 4 3 5 10 9 

6 ‘ 3 5 9 9 
i 20.8 18.4 18.8 
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inflammation, infection, abscesses, cysts or tumors); there was only 
one that showed a similar abnormality in the group of female rats fed 
the diet containing the silicone. Such findings are not unusual in 
senile rats. 

The average final body weight of the group of male rats that received 
the antifoaming agent in their diet was well above the average for the 
male controls (table 3). In the case of the female rats the average final 
body weights of the control group and of the group on the 0.3 per cent 
diet were essentially the same. 

The average organ weights (heart, liver, kidneys, spleen and testes) 
and the average blood urea nitrogen and liver lipid values for each group 
of rats are also given in table 3. It is evident that there was no appre- 
ciable difference between the values obtained for the rats that received 


TasLe 3.—Average Final Body Weights, Organ Weights and Blood Urea 
Nitrogen and Liver Lipid Values of Rats Used m a Two Year 
Dietary Feeding Experiment with “DC Antifoam A” 

Percent- 
age of Body Organ Weight, Gm. per 100 Gm. Blood 
“DO Anti- Weight of Body Weight Urea N, Liver 
foam A” (Starved), — — Mg. per Lipid, 
in Diet Rats Sex Gm Heart Liver Kidneys Spleen Testes 100 Ce. per Cent 
0.0 6 287 0.45 2.62 
03 278 0.42 2.40 


‘4 F 
0.0 3 M 375 0.29 2.48 
5 M 


03 461 0.35 2.30 


the antifoaming agent and the corresponding values obtained for their 
controls. 


Histologic examination of the tissues from each of the rats that 
survived until the end of the two year feeding period revealed no 
changes that could be attributed specifically to the prolonged ingestion 
of the silicone tested. Besides the occurrence of pulmonary lesions and 
abnormalities of ovary and uterus already mentioned, mild fatty changes 
were observed in the livers of most of the animals of each group, control 
as well as experimental. These changes were usually mild in degree 
(as substantiated by the liver weights and liver lipid values) and were 
observed in oil red O-stained sections as brilliantly stained small glo- 
bules, diffuse in distribution, although usually most numerous in the 
periportal areas. Somewhat less frequently, mild fatty changes were 
also observed in the tubular epithelium of the kidney. Such lipid 
changes are commonly found in senile rats 

In 2 or 3 rats out of each group of 25 (including those that died 
during the course of the experiment as well as those killed at the end 
of the two vear period) hyaline casts were observed in the renal tubules; 
however, in most cases the affected portions were not extensive. 


i 
} 
0.72 0.25 0.64 18.8 6.46 } 
0.70 0.23 0.58 22.5 6.48 2 
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Although a number of other pathologic changes were reported occa- 
sionally, none of them was consistent in occurrence or appeared to be 


related in any way to the inclusion of the silicone in the diet. 


SUMMARY 


Male and female rats (25 per group) that were maintained for two 
years on diets containing 0.0 (control) and 0.3 per cent “DC Antifoam 
A” showed no adverse effects as judged by growth, mortality, gross 
appearance and behavior, the results of periodic hematologic examina- 
tions, blood urea nitrogen, organ weights, hepatic lipid and the results 
of gross and microscopic examination of the tissues. 
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EVIDENCE OF SYSTEMIC EFFECT OF TETRYL 
With Summary of Available Literature 


HARRIET L. HARDY, M.D. 
AND 


CLARENCE C. MALOOF, MD. 
BOSTON 


ETWEEN wars the toxicity of tetryl is not a matter of importance. 

Recently, however, clinical material has come to light in the work 
of the Massachusetts Division of Occupational Hygiene to corroborate 
the opinions of several writers, Noro’ and Witkowski, Fischer and 
Murdock? notably, that tetryl under certain conditions may produce 
systemic toxic effects. Possibly the fact that the pathologic conditions 
here described take time to develop accounts for the paucity of reports, 
since at the end of hostilities tetryl workers scatter and the occupational 
factor may be overlooked by physicians in the diagnosis of subsequent 
illness in this group. In the present report, completeness and accuracy : 
have been seriously limited by the lapse of time between the cessation ; 
of the work that apparently is incriminated (1945) and the study made ‘ 
(1949). However, certain basic facts are so clear that the material seems 
worth presenting. 


The experience encountered took place in a plant manufacturing } 
high explosives under contract with the British and American govern- 
ments in the years 1941 to 1945. The workers whose illness is reported 
were engaged in handling tetryl in powder and pellet form. The appar- 
ent chief site of tetryl exposure was a small powder house or shed 
where exploder bags were loaded with weighted tetryl, stemmed, tied 
and inspected. From 7 to 10 men did this work. In a small room 
annexed to this building 1 man operated an exploder bag filler. In 
no part of the building or its annex was ventilation supplied. Air : 


From the Division of Occupational Hygiene, Massachusetts Department of 
Labor and Industries (Dr. Maloof and Dr. Hardy), and from the Occupational 
Medical Clinic of Massachusetts General Hospital (Dr. Hardy). The work done 
at the Occupational Medical Clinic of the Massachusetts General Hospital was 
supported in part by a research grant from the National Institutes of Health, 
United States Public Health Service 

1. Noro, L.: Investigations on Trotyl Tetryl and Mercury Fulminate Poisoning 
Among Workers in Finnish Munition Plants, Acta med. Scandinay., 1941, supp. 
120, pp. 1-95. 

2. Witkowski, L. J.; Fischer, C. N., and Murdock, H. D.: Industrial Illness 
Due to Tetryl, J. A. M. A. 119:1406-1409 (Aug. 22) 1942 
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samples taken in 1942 with a midget impinger showed the concentrations 
of tetryl set forth in the table. 

Secause of the well known skin reaction induced by tetryl, there 
was a fairly large turnover at the plant in general and particularly in 
the powder house described. No statistics are available on this point. 
The foremen with whom we talked said that if the men did not “harden” 
quickly to tetryl, and especially if it was known that they were more 
than very moderate users of alcoholic liquors, they were shifted to work 
free of tetryl exposure or, if this was not possible, were dropped entirely. 

Jecause of the occurrence of tetryl dermatitis and consequent turn- 
over, many workers were undoubtedly automatically spared a long 
period of high tetryl intake. The job periods of 2 of 13 workers in the 


‘ powder house whose cases are presented in some detail lasted one year 
in 2 cases and in | fatal case four years. 
y REPORT OF CASES 
Case 1.—-O. P. was 58 years old at the time he was studied in the hospital m 
the summer of 1949. He had worked for one year (1941) at the bagging machine 
Concentrations of Tetryl in Samples of Aw 


Mg. Tetryl per 
Operation Where Air Was Sampled Ou. M. 


| Weighing exploder bags...... 1.66 
i Stemming exploder bags 1.26 
Tying exploder bags ie 0.88 


Filing exploder bags, annex room “ ¢ 17.70 


in the powder house of the explosives plant described. After that he worked 
at various operations and as a janitor in the same plant for a period covering 
four subsequent years. In the job of 1941 he was exposed to tetryl alone. He 
was shifted from this work because he had a 


severe spasmodic cough beginning 
two to three months after the first tetryl exposure 


He was subsequently exposed 
to a variety of materials, exact qualitative and quantitative descriptions of which 
are no longer available. It is known that he was further exposed to tetryl, to 
some trinitrotoluene and to mercury fulminate 


From the onset to the present time the patient has continued to have severe 


asthma-like attacks of wheezing and violent coughing, especially at night. He 


has gradually become dyspneic on effort but can carry on a part time job as a 


loom fixer. He has “two pillow orthopnea” at night and complains bitterly of 
progressive fatigability. Confirmed by his family is his report that during 1947 


to 1948 he lost about 15 pounds (about 6.5 Kg.) with loss of appetite. He has 
since regained this weight. There is no clear history of jaundice, ascites or 
peripheral edema. The man was-—as is usual with tetryl workers—impressed 


with the yellow tinting of his skin, which persisted, according to him, “for years,” 


but this could not constitute evidence of jaundice, since no 


qualified observer made 
a record of scleral discoloration or other icteric changes at the time 


During a short hospitalization the following data were collected: Routine 


ynchi and wheezes throughout an emphyse- 
matous chest, normal cardiac findings, a blood pressure of 130 systolic and 70 


physical examination revealed diffuse rhe 
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diastolic, a symmetrically enlarged prostate, slight edema of the ankle and question- 
able beginning clubbing of the fingers. A roentgenogram of the chest showed 
changes compatible with fibrosis and emphysema. An abdominal roentgenogram 
showed a liver smaller than usual and a spleen of normal size. 

Laboratory studies gave values as follows: sulfobromophthalein retention, 6 per 
cent; prothrombin time, 17 (15) seconds; cephalin-cholestero!l flocculation, 1 plus 
after twenty-four hours, 2 plus after forty-eight hours; thymol turbidity, 3.5 units; 
total serum protein, 7.8 Gm. (albumin, 4.93 Gm., and globulin, 2.87 Gm.) per 
hundred cubic centimeters; blood alkaline phosphatase, 3.7 Bodansky units per 
hundred cubic centimeters; blood nonprotein nitrogen, 31 mg. per hundred cubic 
centimeters. The urine showed 1.028 specific gravity, no albumin, no sugar, 
10 to 20 white blood cells and 0 to 5 red cells and an occasional hyaline cast. The 
blood elements were normal in every respect. 

A punch biopsy of the liver revealed nothing remarkable. 

About three months after the study just detailed, the patient was reported by 
his family to have vomited bright red blood on five separate occasions. Unfortu- 
nately, there is no information as to the certainty or the cause of this 


Cast 2.—A. A., a 40 year old man at the time of his death, in the spring of 
1948, worked for one year during 1942-1943 in the powder house, where he was 
exposed only to tetryl. While actively working with tetryl he had considerable 
irritation of the nose and throat and bouts of coughing, for which he consulted 
an otolaryngologist. He also had spells of vomiting without anorexia or nausea, 
losing enough weight to cause comment on the part of his family. He left the 
company, but, according to his widow, not because of ill health, He worked 
thereafter, as he had previously, as watchman for a screen company and a private 
detective agency. No story of any other potentially hazardous job could be elicited. 

This man’s past medical history revealed that at the age of 9 years he had 
spent four weeks in bed because of an illness which was diagnosed as rheumatic 
fever. Because of a murmur, he was turned down for active service when he 
volunteered for military duty in 1941. In the interval between the childhood 
illness and 1941, he had gone to school normally, held jobs steadily and been an 
active member of the National Guard. No history of any intake of alcoholic 
beverages could be elicited. 

Complete medical records are not available until his hospitalization, less than 
three days before death His widow reports that the cough noted in a 
foregoing paragraph was troublesome from time to time during the period 1944 
to 1948, but that weakness and swelling of the legs and the abdomen did not 
become a problem until three months prior to the terminal episode of his illness. 
For the last three months of his life he found it hard to work, because of the 
edema, but did not become bedfast until the last two weeks of his life. 

The hospital record shows that the patient was admitted in stupor with 
dyspnea (a respiratory rate of 30), cyanosis and obviously icteric scleras. The 
examining physician noted that the heart was slightly enlarged, with the blood 
pressure at 100 systolic and 70 diastolic and a loud systolic murmur over the 
whole precordium. The abdomen was distended, and the liver was enlarged 
to 4 fingerbreadths below the right costal margin The diagnostic impression 
of the examiner was advanced hepatitis or cirrhosis, causing hepatorenal failure, 
plus mitral stenosis due to rheumatic heart disease. 

The results recorded from laboratory studies were as follows: red blood ceils, 
4,800,000 ; hemoglobin, 16 Gm.; white blood cells, 10,000 (polymorphonuclear cells 


} 


of the granulocytic series 82, lymphocytes 15 and monocytes 3 per cent); specific 
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gravity of urine, 1.018; urinary albumin, trace; urinary sugar, none; white blood 
cell sediment, —4; blood sugar, 103 mg. per hundred cubic centimeters; blood 
nonprotein nitrogen 92 mg. first day and 158 mg. second day per hundred cubic 
centimeters ; total serum protein 6.6 Gm. (albumin 4.7 Gm. and globulin 1.9 Gm.) 
per hundred cubic centimeters (albumin-globulin ratio, 2.5) ; serum icterus index, 30 
units; cephalin-cholesterol flocculation, 3 plus after twenty-four hours; 3 plus after 
forty-cight hours. The electrocardiogram showed changes consistent with left 
ventricular strain. 

The patient did not respond to treatment and died early on the third hospital 
day. Unfortunately, the family refused to allow postmortem study. 


Case 3.—In the summer of 1941, at the age of 45, R. F. began working in the 
priming department where at one table 10 men filled small canvas bags with 
tetryl, The material was then pressed down with wooden sticks to be sure the 
bags were full, and the bags were finally tied. This man was exposed constantly 
to tetryl and apparently to tetryl alone. He continued at the same work until 
1945, when manufacture of explosives ceased. From July 1945 until October 
1947 he worked in the warehouse of this company. Then illness forced him to 
bed, where he 


stayed, except for brief ambulatory periods, until his death, in 
1948 


Because his age made him ineligible for military activity, this man is 
reported to have felt it to be his duty to continue in explosives manufacture as 
his contribution, in spite of feeling ill. Prior to the job described he had been 
a salesman in a cigar store “for years.’ His only other work was that of serving 
in a clerical capacity for a short period in a printing company. 

Except for “an occasional glass of beer,” no story of alcoholic intake could 
be elicited on inquiry among fellow workers and family. The medical history 
prior to the fall of 1941 was irrelative. 

About three months after beginning to work with tetryl, R. F. began to cough. 
The cough was described as severe and asthmatic in character, especially at 
night. At an unknown period later, anorexia and fatigue began and continued. 
Loss of weight became noticeable within the year after the patient began work 
with tetryl, amounting to 30 pounds (13.5 Kg.) prior to the terminal episode. 
This man complained of a great deal of pain in his arms and shoulders, for which 
no explanation was ever found. Weakness became profound, finally causing 
the patient to give up work of any kind six months prior to death. 

About five years after the first symptom, three months prior to death, 
swelling of the legs became troublesome, and concomitant abdominal swelling 
resulted in frank dyspnea. Whether he presented true icterus during the five 
years of recorded symptoms is hard to determine, because a striking yellow 
pigmentation of skin, hair and nails is common to all workers 


exposed to 
tetryl 


His widow reported that his “eyeballs were yellow, some times more so 
than at others.” When the patient came under medical observation during the last 
three months of his life, the scleras were noted to be yellow. 

R. F. was hospitalized because of dyspnea, abdominal swelling and severe 
joint pain in late March 1948, and he died: twelve days later of liver failure. 
Physical examination revealed some emaciation and the yellow tint of jaundice of the 
skin as well as of the scleras. Coarse rales were audible over both lung areas. 
No cardiac abnormalities were noted. The blood pressure was 160 systolic and 
90 diastolic. The pulse was regular at 80. Definite evidence of fluid in the 
abdominal cavity was established by direct manual palpation and by roentgenogram. 
On the sixth hospital day 12 quarts (about 11 liters) of fluid were removed by 
paracentesis. The legs were heavily edematous. 
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Unfortunately, no biochemical studies were done in the case of R. F. The 
results of laboratory studies were as follows: red blood cells, 3,800,000; hemoglobin, 
85 per cent; white blood cells, 5,750 (polymorphonuclear cells of the granulocytic 
series 73 and small lymphocytes 27 per cent) ; urinary albumin, very slight trace; 
urinary sugar, yellow precipitate (very slight trace). On microscopic examination 
of the urine the field was covered with red blood cells and a few leukocytes. A 
roentgenologic gastrointestinal study was reported as showing the upper part of the 
gastrointestinal tract essentially normal. A “ground glass” appearance noted over 
the entire abdomen was interpreted as evidence of ascites. 

An autopsy was performed and revealed striking changes. The peritoneal 
cavity contained 1 liter of clear jaundiced yellow fluid. The liver was one third 
its normal size and had a finely granular surface. The spleen was twice normal 
size, and its tissue was soft. There were slight cardiac hypertrophy, a moderate 
degree of atheroma and terminal bronchopneumonia. 

Microscopic study of the liver sections showed a portal type of cirrhosis. 
The liver cells showed many degenerative changes, and a large number of them 
were intensely pigmented with hemosiderin. Hemosiderin was also seen in the 
Kupffer cells and rarely in a small bile duct. Similar iron pigment was seen 
in sections of the pancreas. Several sections showed a liver cell neoplasm. Dr. 
Tracy Mallory, of Boston,’ who reviewed this material, considers these findings 
compatible with the end picture of repeated chemical intoxication leading to 
cirrhosis, which in turn may lead to the development of hepatoma. No explanation 
is at hand for the intense pigmentation, but Dr. Mallory reports that such micro- 
scopic pictures are being seen currently in the livers of persons submitted to 
multiple blood transfusions. 


DATA COLLECTED IN THE COMMUNITY 


In addition to these 3 cases, field work in the community brought 
out evidence of illness in workers who had been more or less exposed to 
tetryl in the same plant. These findings are summarized here as cor- 
roboration of reports by Cripps,‘ Murray, Prunster and Anderson,® 
Noro,’ Witkowski and co-workers? and others who have cared for 
persons exposed to tetryl. 

Seven workers and the widow of 1 man who died of pulmonary 
tuberculosis three years after leaving his tetryl exposure were inter- 
viewed with respect to the signs and symptoms of illness following their 
intake of tetryl. All 8 workers experienced the yellowish discoloration 
of skin and hair. One young woman and 2 men insisted that the dis- 
coloration remained up to two years after leaving tetryl, although we 
felt that this report might easily have been exaggerated. The appearance 


of these “canaries,” as such discolored workers are called on the street. 


3. Mallory, T. B.: Personal communication to the authors. 


4. Cripps, L.: The Properties of Tetryl (as Affecting the Human System), 
Brit. J. Dermat. 29:3-7 (Jan.-March) 1917 

5. Murray, H. M. L.; Prunster, R. W., and Anderson, R. D.: The Incidence 
of Tetryl Dermatitis or “C. E.” Rash: A Review of Investigations Carried Out 
in Australian Fuse-Filling Factories, M. J. Australia 1:104-106 (Feb. 5) 1944 
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resulted in considerable public concern, As a result, in 1942, inquiries 
reached the Massachusetts Division of Occupational Hygiene from the 
local board of health and led to the environmental knowledge recorded 
in the foregoing pages. 

Two men and 2 women workers complained of increase of nervous- 
ness, headaches and insomnia. Two women workers had chronic nose- 
bleeds during tetryl exposure. Both the women in this group of 8 
workers had menstrual irregularities and reported that other young 
women in the group were similarly affected. The change in menstrua- 
tion was a great increase of time between periods, amounting to amen- 
orrhea for three to four months at a time, with return of a normal cycle 
after they left tetryl exposure. A loss of weight of 15 pounds (6.5 kg.) 
was reported in one worker during eleven months of working with 
tetryl and 10 pounds (4.5 kg.) in another. Two men workers reported 
nausea and vomiting; anorexia was mentioned three times, occurring 
twice in women and once in a man. Three men reported spasmodic 
coughing while exposed to tetryl in the powder house. When ques- 
tioned, the workers referred to this as “like asthma,” often occurring 
at night, occasionally severe, gradually disappearing with a change in 
work. Two of these 3 men were foremen and could leave the vicinity 
of the tetryl operation, with relief of the cough. One of these men had 
to have his work changed because of the cough. Foremen reported that 
many of the workers under their supervision suffered from sore throats 
and spasmodic coughing while tetryl operations were in progress. 

Swelling of the face and periorbital tissues was reported by 1 man 
and 1 woman worker. None of the 8 workers suffered dermatitis. As 
mentioned before, those who did in this plant were promptly shifted 
from work with tetryl. This policy probably has direct bearing on 
which of the workers presented symptoms after longer exposure to tetryl. 
In the group of 8, the 2 women worked with tetryl in pellet form for a 
year. Of the 6 men, 2 worked eighteen months, 2 worked over two 


years and 2 for from three to four years. All the men were powder 


house workers, and, as mentioned, 2 were foremen. 


REVIEW 


OF AVAILABLE 


LITERATURE 


Che available literature brings out varied views of observers in 
regard to whether all tetryl effects are:on the basis of local irritation, 
or whether in certain circumstances sufficient tetry] gains access to 
the body to produce systemic damage. It seems likely that with the 
scrupulous hygiene of carefully controlled government ordnance plants 
only a relatively small number of cases of skin irritation follow tetryl 
exposure. This experience will be in contrast to that possibly encoun- 
tered in a nonventilated converted plant such as that described in this 
paper, where illness was encountered. 
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Tetryl, the commercial name of N-methyl-N, 2, 4, 6-tetranitroaniline, 
is a derivative of benzene and classified as a nitroaromatic compound 
similar to trinitrotoluene (TNT) and trinitrophenol (picric acid). It 
was first produced in quantity during World War I, when it was found 
to be the most efficient “booster” of high explosives. 

Smith,® in 1916, reported on 250 women employed in the munitions 
works and noted, in addition to the dermatitis, a conjunctivitis, nasal 
irritation with epistaxis and pharyngeal irritation with athmatic attacks. 
She did not note constitutional symptoms, although she stated that there 
were complaints of “biliousness during the monthly periods.” 

Cripps,‘ however, in 1917, observed, in addition to the dermatitis, 
what she considered systemic effects. Blood studies on all workers 
showed in most cases a degree of leukocytosis and an increase in the 
number of lymphocytes, particularly in that of the large variety. Men- 
strual changes were noted in most female workers, with the periods 
being extended, the cycle decreased and the flow increased. Fpistaxis 
usually commenced two to three days after start of work. The hair of 
most workers was discolored, and it was noted that loss of hair varied 
directly with the sweating capacity of the scalp. Several workers had 
respiratory attacks similar to asthma, and these usually occurred at 
night. On auscultation, rhonchi and crepitation could be heard. Head- 
aches and giddiness were quite prevalent among the workers. Also 
reported were 4 cases with abdominal symptoms. In all cases there 
was pain in the epigastrium of intermittent and cramplike character, with 
the attack lasting from one-half hour to twenty-four hours. Nausea 
and vomiting were present in a few of these cases. The attacks were 
of the recurrent type and, in most cases, appeared after taking food. 
Usually no physical signs could be found on examination. 

Ruxton * reported in the same year on 1,430 workers being studied, 
34 per cent of whom were affected with a rash or other symptoms. The 
findings in his study were dermatitis and discoloration of the skin, 
epistaxis, pharyngeal irritation and abdominal symptoms, with vomiting 
a frequent complaint. He noted an occasional change in the size of the 


red blood cells. He reported 1 case of a worker with a deep yellow 
stained skin, dermatitis, edema of the eyelids, vomiting, abdominal pain 
and distinct pain in the legs. This worker was also dyspneic and had 
slight lividity of the lips. Blood studies showed a slight variation of 
the size of the red blood cells. Recovery took place in two weeks after 
removal of the patient from the tetryl exposure 


6. Smith, E Prevention, Symptoms and Treatment of Tetryl 


3rit. M. J. 2:618 (April 29) 1916. 


Dermatitis, 


7. Ruxton, W. L.: An Investigation into the Cause and Prevention of Industrial 


Diseases Due to Tetryl, Brit. J. Dermat. 29:18-29 (Jan.-March) 1917 
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Wells and associates,” during the period of World War I, studied 
the toxicity of various explosives in animal experiments. The sudden 
cessation of munitions work terminated these investigations, but some 
definite observations had been made. Rabbits and dogs were given 
fatal doses of tetryl, and autopsies were made. Microscopically, with- 
out exception, the kidneys of these animals showed toxic degeneration. 
In some cases there were areas of necrosis in the convoluted tubules. 
Fat granules were frequently found in the epithelium of the ascending 
loops of Henle in dogs, usually in moderate amounts, with little or no 
fat elsewhere. In rabbits the fatty changes were not found, although 
swelling and degeneration of the epithelium were marked. The livers 
of several dogs showed prominent changes, consisting of varying degrees 
of necrosis in the centers of the lobules, usually severe fatty degenera- 
tion of the liver and also a noticeable deposition of fat in the bile duct 
epithelium. The livers of the rabbits showed almost no changes. Sev- 
eral of the animals had more or less edema in the lungs and bronchi. 
The spleens often showed blood pigment in moderate amounts, but with- 
out the congestion usually observed with hemolytic poisons. No note- 
worthy changes were observed in the other viscera. 

During the interval between the First and the Second World War no 
further investigations were carried on concerning tetryl. However, 
with the onset of World War II, interest was again aroused relative to 
the systemic effects of tetryl, Much more intense investigation was 
carried on. 

Silver,’ in 1938, reported on the explosive-filling factories in Eng- 
land, and although he observed the rash and the discoloration, he did 
not find any systemic effects. It was noted, however, that in workers 
suffering from dyspepsia previous to tetryl exposure, the symptoms were 
so aggravated as to force them to leave work. 

In 1941 Hilton and Swanston *° found that new workers complained 
of epigastric pain with nausea and vomiting. During the same period 
Noro‘ studied workers in Finnish munitions plants and found that in 
symptoms tetryl and TNT poisoning resembled each other markedly. 
The predominant symptoms among the tetryl workers he studied were 
fatigue, headache, nervousness, loss of weight, anorexia, abdominal com- 
plaints, nausea and vomiting, and dermatitis with discoloration of skin 
and hair. From his observations, the longer the duration of work, the 

8. Wells, H. G., and others: Toxicity of Tetranitromethylaniline (Tetryl), 
Tetranitroxylené (T.N.X.), Tetranitraniline (T.N.A.), Dinitrodichlorbenzene 
(Parazol), and Metanitraniline, J. Indust. Hyg. 2:247-252 (Nov.) 1920. 

9. Silver, A. L. L.: The Treatment and Prevention of Industrial Diseases in 
Filling Factories, J. Royal Army M. Corps 71:87-96 (Aug.) 1938. 

10. Hilton, J., and Swanston, C. N.: Clinical Manifestations of Tetryl and 
Trinitroluene, Brit. M. J. 2:509-510 (Oct. 11) 1941. 
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more symptoms appeared. He found anemia of varying degrees in 25 
per cent of the workers, with an increase in the diameter of the red 
blood cells; also, mild leukocytosis in 20 per cent and mild leukopenia 
in 27 per cent of the workers. It was his opinion that while the symp- 
toms of tetryl poisoning resembled to a high degree those caused by 
TNT, tetryl seemed to have a more marked reaction so far as its irri- 
tative action and its effect on the nervous system are concerned. 

Witkowski and associates,’ in 1942, reported on 1,258 cases of tetryl 
effect. Of this number, 944 included a complaint of dermatitis. In the 
remainder a variety of symptoms and signs were mentioned. Epistaxis 
was a common and early complaint, occurring more frequently in the 
early waking hours. On examination, bleeding could be traced to small 
ulcers of the nasal mucous membrane, which in many cases were in that 
area anterior to the inferior turbinate. Frequent complaints were 
sneezing, coughing without production, and pain in the chest. Anorexia, 
mild nausea, flatulence and abdominal cramps were common com- 
plaints and occurred in 10 per cent of all exposed workers. The anemia 
found among workers with persistent complaints responded well to 
administration of ferrous sulfate and removal from tetryl. These authors 
stressed their belief that in prolonged tetryl exposures the symptoms 
reflect systemic damage rather than local irritation alone. 

Eddy * stated that although he had not seen any severe constitutional 
damage from this substance, he had noted a certain amount of irritability, 
fatigue and a feeling of ill health among the workers he studied. He 
also observed an asthma-like condition of the chest in 2 workers who 
were ultimately forced to stop working with tetryl. 

Murray, Prunster and Anderson ° investigated Australian fuse-filling 
factories during World War II. They found workers who complained 
of headaches, dizziness, nausea and vomiting, abdominal cramps and 
“general chest symptoms.” The authors presented no explanation for 
the symptoms and concluded that there is no evidence that exposure to 
tetryl produces systemic changes. 

Probst, Mund and Lewis,’? in 1944, examined approximately 800 
employees exposed to tetryl and found no substantial evidence of 
systemic poisoning. Annual roentgen examinations of the chests revealed 
no pathologic conditions due to tetryl powder, and blood studies revealed 
anemia in only 4 per cent of the workers. In 1945 Hatch and Probst ™* 
examined a total of 4,000 workers in periodic roentgenologic check-ups 


11. Eddy, J. H., Jr.: Some Toxic Reactions of Common Explosives, Indust. 
Med. 12:483-486 (July) 1943. 

12. Probst, E. W.; Mund, M. H., and Lewis, L. D.: Effects of Tetryl, J. A. 
M. A. 126:424-427 (Oct. 14) 1944. 

13. Hatch, H. S., and Probst, E. W.: Effects of Tetryl on the Lungs, Indust. 
Med. 14:189-190 (March) 1945. 
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and noted no pathologic changes that could be considered due to tetryl. 
They stated that the size of the tetryl crystal (150 microns or more as 
found by impinger dust counts) is of tremendous importance in explain- 
ing the lack of lung damage found. 

Fischer and Murdock ** and McConnell, Flinn and Brandt ** were in 
agreement after their separate studies that systemic damage from tetryl 
was not evident. However, in 1946 Troup ** presented 2 cases of jaun- 
dice in which the toxic effects of tetryl, while not established, could not 
in his opinion be entirely eliminated. One of the patients died, and 
autopsy revealed atrophy of the liver, with distortion of the upper parts 
of this organ. The patient was never in contact with TNT. After leav- 
ing the plant, she did handle containers which had been filled with 
chlorinated naphthalene but were completely closed. 


COMMENT 


Evidence is presented which suggests that tetryl may, in the event 
of heavy exposure, produce systemic effect and death from irreversible 
liver damage. A review of the literature reveals a certain amount of 
supporting observation. 

Our experience corroborates the plentiful evidence that tetryl is a 
powerful skin sensitizer, producing a troublesome dermatitis responsible 
for a heavyrturnover in the explosives industry. A general yellowish 
pigmentation of skin and hair makes a dramatic change in the appearance 
of the worker population handling tetryl. This effect is apparently 
harmless. Facial edema was mentioned by several workers in this series, 
as it was by those whom Murray and associates ° studied. 

Irritation of the mucous membranes of the upper respiratory tract 
resulting in sore throats, nosebleeds and coughing of varying degrees of 
severity was noteworthy in our experience, as it was in that of Cripps.* 
Several workers left the tetryl exposure because of the severe asthma- 
like bouts of coughing, troublesome at night. 

In our case 1 the patient has suffered persistent coughing for four 
years since leaving work with tetryl and appears moderately but per- 
manently disabled by this symptom, with gradually increasing shortness 
of breath on effort. A roentgenogram of this man’s chest is reported as 
showing some emphysema and fibrosis, suggesting that the end result 
of this symptom complex set up by heavy tetryl exposure is detectable 
irreversible pathologic change with disability. 

14. Fischer, C. N., and Murdock, H. D.: Tetryl Exposure—Analysis of Four 
Years’ Medical Experience with Tetryl, Indust. Med. 15:428-429 (July) 1946. 

15. McConnell, W. J.; Flinn, R. H., and Brandt, A. D.: Occupational Diseases 


in Government-Owned Ordnance Explosive Plants, Occup. Med. 1:551-618 (June) 
1946 


16. Troup, H. B.: Clinical Effects of Tetryl! (CE Powder), Brit. J. Indust 
Med. $:20-23 (Jan.) 1946 
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HARDY-MALOOF—SYSTEMIC EFFECT OF TETRYL 


The gastrointestinal symptoms reported in the literature are of some 
importance in evaluating cases 2 and 3 of this communication. Fischer 
and Murdock,** Witkowski and co-workers,? Cripps, Ruxton* and 
Noro' noted anorexia, abdominal pain of varying degree and charac 
ter, nausea and vomiting. Fischer and Murdock “ and Noro ‘ mentioned 
especially loss of weight. Several writers have spoken of these symptoms 
as due to poor eating habits or local irritation of the tetryl. On the other 
hand, Noro,’ Witkowski and associates,’ and others expressed the belief 
that systemic effects are induced by tetryl and that the ga: trointestinal 
symptoms reflect constitutional intoxication. Wells and associates * 
presented limited evidence of hepatic and renal damage following 
exposures of laboratory animals to tetryl. Menstrual irregularities, men- 
tioned by some of the women workers, were reported also by Cripps.* 
These may reflect disturbances in hormonal production consequent on 
hepatic dysfunction. 

From the postmortem study in 1 case and the clinical chain of events 
in 2 cases it seems possible that heavy tetryl exposure resulted in 
cirrhosis of the liver with failure of that organ and death. These deaths 
were discovered by accident two to three years after cessation of the 
intake of tetryl. It may be that other deaths due to liver failure following 
tetryl exposure went undiscovered, because at the end of the war the 
explosives workers were no longer under close medical supervision, nor 
would such a worker, if sick, be likely to report his tetryl exposure to the 
attending physician. Finally, because of the complete medical and 
engineering control in all government ordnance plants, and the turnover 
in this industry due to dermatitis, few workers would be exposed to high 
levels of tetryl for long periods. 


SUMMARY 


The symptoms of 8 workers without permanent detected damage 
from the tetryl operations of a small wartime explosive plant and 1 
worker with definite disability, and the case records of 2 workers whose 
illness resulted in death, are reported. It is suggested from this evidence 
and that drawn from available literature that tetryl exposures of 
sustained high level may produce systemic intoxication 
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AN ELECTROSTATIC PRECIPITATOR 
For the Continuous Sampling of Sulfuric Acid Aerosols and Other Air-Borne 
Particulate Electrolytes 
CONRAD SCHADT 
PAUL L. MAGILL 


R. D. CADLE 
AND 
LUMAN NEY 
STANFORD, CALIF. 


N ETHODS at present available for the collection and analysis of 

air-borne particulate material are usually tedious and often 

empiric. For the most part, the methods involve either filtration, 
impaction or electrical precipitation.’ 

Several laboratory scale electrostatic precipitators have been described 

in the literature.?- The “mine safety appliance” instrument is well known. 


Harry V. Welch has written an excellent historical review of electro- 
static precipitators, and a good bibliography is included.* All the labora- 
: tory instruments, however, require a step-wise procedure when used 
for analytic purposes. 


The apparatus described in the present report was designed to sample 
continuously air-borne electrolytes and to indicate continuously the 
concentration of these electrolytes. It was built to follow variations in 
the electrolyte content of the Los Angeles atmosphere, particularly 


during “smoggy” conditions. It should also have wide application for 


From Stanford Research Institute. 


1. Jacobs, M. B.: The Analytical Chemistry of Industrial Poisons, Hazards, 
and Solvents, New York, Interscience Publishers, Inc., 1941. Bloomfield, J. J., 
and Palla Valle, J. M.: The Determination and Control of Industrial Dust, Bul- 
letin No. 217, United States Treasury Department, Public Health Service, 1935. 

2. Drinker, P.; Hazard, W. G., and Ishikawa, T.: Alternating Current Pre- 
cipitators for Sanitary Air Analysis: I. An Inexpensive Precipitator Unit, J. 
Indust. Hyg. 14:364-370, 1932. Billman, J. H., and Cash, R. V.: An Electrical 


Precipitator for Research and Demonstration Purposes, J. Chem. Educ. 18:261-262, 
1941. 


3. Welch, H. V.: Developments in Electrical Precipitation of Suspended 
Particles in Gases, in Alexander, J.: Colloid Chemistry, Theoretical and Applied, 
New York, Reinhold Publishing Corporation, 1946, vol. 6, pp. 274-285. 
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ET AL—ELECTROSTATIC PRECIPITATOR 
following variations in the concentrations of a variety of industrial fumes 
and dusts. This apparatus consists essentially of an electrostatic pre- 
cipitator having a rotating anode, a bath for washing particulate material 
from the anode, and a cell for measuring the electrical conductivity of 
the resulting solution. 


One of the major electrolytes found in industrially contaminated air 
is sulfuric acid or sulfates. Sulfuric acid aerosols are notoriously difficult 
to collect.4 Therefore, since it was obviously impossible to determine 
the efficiency of the apparatus for all of the electrolytes which might be 
found in the atmosphere or in industrial gases, the studies of the efficiency 
of the apparatus were limited to the collection and analysis of sulfuric 
acid in aerosol form. 

APPARATUS 

The continuous sampling electrostatic precipitator is shown in figure 1. Figuré 
2 is a schematic drawing of the precipitator and a flow diagram indicating the 
movement of air and of liquids. Water or very dilute sulfuric acid (10°° normal) 
is contained in the bottle, which serves as a reservoir and delivers the liquid under 
a constant head. The liquid flows under gravitational forces into the precipitating 
chamber, where it washes the collected particulate material from the disk anode. 
It then flows into the conductivity cell by way of an adjustable leveling device 
which makes it possible to control the level of liquid in the lower part of the 
precipitating chamber. The liquid from the cell is either discarded or subjected 
to chemical analysis. A convenient flow rate for the liquid was found to be 2.0 cc. 
per minute. The flow rate is controlled by means of a glass capillary tube located 
4. (a) Standard Method for the Determination of the Efficiency of Acid Mist 
Precipitators, Technical Bulletin 3-c:3-4.N.d., Western Precipitation Company, 
of Los Angeles. (6) Richter, I. E.: Ueber die Bestimmungen von SOs in Schwefel- 
fengases, Ztschr. f. ang. Chemie 26:132-134, 1913. (c) Dunn, E. M.: Determina- 
tion of Gases in Smelter Flues and Notes on the Determination of Dust 
Losses at the Washoe Reduction Works, Anaconda, Montana, Bull. 
Inst. Mining Engineers 80:2051-2092, 1913. (c) Gille, H.: 
chemischer Nebel, zugleich Vorschlag einer Methode zur 


Am. 
Ueber Absorption 
Jestimmung von 
Schwefeltrioxyd in feuchten Réstgasen, Ztschr. f. ang. Chemie 39:401-402, 1926. 
(e) Eckman, J. R.: Determination of Sulphur Trioxide in the Presence of Sulphur 
Dioxide, Together with Some Analyses of Commercial Liquid Sulphur Dioxide, 
United States Department of Commerce, Bureau of Standards, Scientific Papers, 
22:no. 5554, 277-285, 1927. (f) Hawley, F. G.: Determining SO; in Flue Gas, 
Engin. & Mining J. 94:987-988, 1912. (g) Nestell, R. J., and Anderson, E.: 
Determination of Sulfur Dioxide and Sulfur Trioxide in Flue Gases, Indust. & 
Engin. Chem. 8:258-260, 1916. (h) Weber, H. C.: Quantitative Analysis of Mists 
and Fogs, Especially Acid Mists, ibid. 16:1239-1942, 1924. (i) Axford, D. W. E., 
and Sugden, T. M.: The Estimation of Sulfur Trioxide in Its Mixtures with 
Sulphur Dioxide by the Method of Amperometric Titration, J. Chem. Soc., 1946, 
pt. 2, pp. 901-903. (7) Gillham, E. W. F.: The Determination of Oxides of Sulphur 
in Flue Gas, J. Soc. Chem. Indust. 65:370T-372T, 1946; The Automatic Estimation 
of Sulphur Trioxide in Flue Gas, ibid. 65:405T-409T, 1946. 
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between the reservoir and the precipitating chamber and by the hygrostatic head. 
The presence of small amounts of sulfuric acid in the solution (10° normal) 
depresses the ionization of carbonic acid from the carbon dioxide in the air and 
prevents varying amounts of carbon dioxide in the air from influencing the reading. 

The air being analyzed is drawn through the vertical sampling tube into the 
precipitator chamber by means of a war surplus Oster no. 2 blower. The rate of 
air flow is controlled by a rheostat. About 2.5 c.f.m. was found to be a convenient 


Fig. 1.—Continuous electrostatic precipitator. 


rate i¢ flow of air is measured by a war surplus rate-of-climb meter with a 
dial modified to read in cubic feet per minute. 

The construction of the precipitation chamber and of the electrodes is shown 
in figure 3. Both the cathodes (points) and the rotating disk anode are made of 
stainless steel. The anode is rotated at 1 r.p.m. by a synchronous motor. The 
chamber itself was fabricated from a methyl methacrylate (lucite®). The liquid 
entering the chamber as indicated in figure 2 forms the bath in the bottom of the 


chamber through which the anode revolves, washing precipitated material from 
the anode 
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The conductance cell is fabricated from polystyrene (fig. 4). The electrodes 
are strips of platinum foil which are cemented in place and “platinized” by electrol- 
ysis of a chloroplatinic acid solution in the usual manner. The cell was designed 
to have a cell constant of about 20 cm™!. The resistance of the cell can be measured 
by a Wheatstone bridge, which may be operated manually or attached to a 
recorder. It was not felt necessary to equip the conductance cell with a thermostat 
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Fig. 2—A schematic drawing of the precipitator and a flow diagram indicating 
the movement of air and of liquids. A indicates the reservoir bottle (2 liter 
capacity) ; B, sampling tube (54 in. [16 mm.] inside diameter); C, air flowmeter 
(modified airplane rate-of-climb meter) ; D, precipitation chamber (2 by 4 by 5 in. 
[5 by 10 by 12.5 cm.]); E, blower (Oster no. 2); F, leveling device; G, power 
supply (6,000 to 10,000 volts D.C. current); //, conductivity cell (cell constant 
about 20 cm.1). The arrow with broken shaft indicates the air path; that with 
unbroken shaft, the water path. 


when the apparatus was used for the problems for which it was designed. The 
temperature of the effluent liquid can be noted and a temperature correction applied. 
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Fig. 3.—Construction of the precipitation chamber and of the electrodes. 
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Fig. 4.—A diagram of the conductance cell. The dimensions shown would be 
5.7, 7.6, and 2.3 cm. on the metric scale. 


Fig. 5.—A diagram of the 6,000 to 10,000 volt power supply. 
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For some purposes it probably would be desirable to have the cell equipped with a 
thermostat. The cells built in this laboratory were calibrated by measuring the 
electrical resistance when they contained dilute sulfuric acid solutions of known 
concentrations. It can be seen from figures 1 and 2 that the solution flows up, not 
down, through the cell, and sufficient head is maintained on the intake side to 
accomplish this. The liquid from the precipitation chamber drips into the intake 
tube of the cell which is open to the air. The outlet tube of the cell is a T tube, 
the upper end of which is also open to the air. This arrangement has been found to 
produce a uniform flow of liquid through the cell. 

The power supply consists of a unit built in this laboratory which operates 
from the 110 volt line. It supplies 40 to 60 milliamperes of DC current at 300 to 
400 volts to a modified “hi-volt power supply,” model HV-10 (10 KV). This 
furnishes power at 6,000 to 10,000 volts of D.C. current to the precipitator electrodes 
The over-all circuit diagram is shown in figure 5 


NITROGEN 


PRECIPITATION 
CHAMBER 


OISTHLED 
WATER 


Fig. 6—An apparatus for studying the efficiency of the precipitator for the 
collection of sulfuric acid in aerosol form. In actual use the precipitator (on the 
right) was followed by a second precipitator to collect sulfuric acid passed by 
the first. 


All windings of the coil, primary, secondary and tickler, had to be carefully 
covered with insulation. Styrol base coil dope was the insulating material used. 

The radio frequency supply was chosen in preference to other high voltage 
supplies for reasons of safety. If a person should accidentally touch any part of 
the apparatus which is at a high potential, the current would be limited to about 
0.6 milliampere because the circuit’ would cease oscillating under heavier loads. 
In addition, because of the very high frequency (100 to 200 kilocycles), very small 
smoothing capacitors can be used, and this greatly reduces the hazard of shock 
from charged condensers. 


5. This was supplied by Algeradia Electronics Company, 385 Jackson Street, 
Hempstead, N. Y. 
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EFFICIENCY OF THE APPARATUS FOR THE COLLECTION 


AND ANALYSIS OF SULFURIC ACID AEROSOLS 


The efficiency of the apparatus for the collection and analysis of 
sulfuric acid in the form of aerosols was investigated. Several methods 


for generating these aerosols were tried. The most satisfactory method 


seemed to be to bubble nitrogen through fuming sulfuric acid contained 


in a small vessel, which was weighed before and after the run to 


determine the total weight of sulfur trioxide liberated. One set 


of experiments was carried out with the apparatus shown in figure 6. 


The fume-laden nitrogen was mixed with moist nitrogen and was passed 


into the dry precipitator chamber. The moist nitrogen was added to 


produce a sulfuric acid aerosol by combination of the sulfur trioxide and 


Efficiency of the Precipitator for Collecting Sulfuric Acid from Sulfuric 
Acid Aerosols 


A B © D E F 
Loss in Wt. Efficiency 
of Vessel SOs Collected SOs Collected of First 
Containing on First on Second Precipitator 
Alr Flow Rate, Sampling Sulfurie Preeipitator, Precipitator, D x 100 
Time, Min Acid, Mg Meg Mg. 


0 
12.48 
13.35 
12.17 
10.80 
17.80 17.30 <0.06 


water. The effluent fumes were then passed into a second electrostatic 


precipitator. At the end of each experiment the electrodes of each 


precipitator were washed with distilled water, and the washings were 


analyzed chemically for sulfuric acid. The results are shown in the table. 
The collection efficiency of the precipitator was between 80 and 100 
per cent. 


Similar results were obtained when the fume-laden nitrogen was 


drawn into the intake of the apparatus operating as described in the 


preceding section, The effluent solution was subsequently analyzed. 


The sulfuric acid aerosols described in foregoing paragraphs were 
much more concentrated than the contaminated air of cities. Therefore, 
a study was made of the efficiency of.the apparatus for much lower 


concentrations of sulfuric acid. Nitrogen was passed through a bubbler 
containing fuming sulfuric acid and the resulting fumes were led into one 
end of a chamber 40 by 1 by 1 in. (101.6 by 2.5 by 2.5 cm.) through 
which air was being blown. The moisture in the air-served to produce 
the sulfuric acid aerosol. The air at the other end of the chamber was 
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analyzed by the continuous precipitator, the concentrations of sulfuric 
acid being calculated from the conductance of the solution passing 
through the cell. The air was also analyzed by drawing a measured 
amount through four size 4 Gooch crucibles in series, each filled with 
tightly packed asbestos and fitted together with two layers of Gooch 
tubing. The asbestos was then washed with water and the washings were 
analyzed for sulfate.** Concentrations of 0.225 to 0.240 p.p.m. by weight 
of sulfuric acid (calculated as sulfur trioxide) were found in the air of 
the chamber by the continuous electrostatic precipitator and 0.236 p.p.m 
by weight by the asbestos filtration method 


ABSORPTION OF SULFUR DIOXIDE 


A common contaminant accompanying sulfuric acid aerosols is sulfur 
dioxide. Therefore, it is of interest to note that sulfur dioxide entering 
the continuous precipitator was only slightly absorbed by the solution. 
For example, when the precipitator sampled air containing 3 p.p.m. by 
weight of sulfur dioxide, the drop in resistance of the cell corresponded 
to 0.065 p.p.m. of sulfur trioxide by weight. A number of other experi- 
ments with somewhat higher concentrations of sulfur dioxide gave 
similar results. 

BLANK EFFECT 

During the first fifteen minutes of operation of the precipitator, even 

though it is sampling relatively uncontaminated air, there is a drop in the 


resistance of the cell in amount corresponding to about 0.01 p.p.m. of 
sulfur trioxide by weight in the air. Analysis of the effluent solutions 
for nitrous and nitric acid indicated that there was sufficient of these 
substances to account quantitatively for the effect. There was practically 
no effect when cylinder nitrogen was sampled. Apparently the drop in 


resistance results from oxides of nitrogen which are produced from 
oxygen and nitrogen of the air by the corona discharge and which 
dissolve in the solution in the precipitator chamber. This “blank” effect 
was found to vary over periods of several hours (including one twenty- 
four hour run) by a maximum variation equivalent to 0.004 p.p.m. by 
weight of sulfur trioxide. The resistances were corrected for temperature 
variations, a correction being made of 2 per cent decrease per 1 degree 
of temperature rise. 

This effect of oxides of nitrogen is taken into account in the calcula- 
tions of the change in resistance in the cell due to particulate electrolytes 
by operating the apparatus in clean air for periods of several hours. The 
average resistance of the cell after the first fifteen minutes is then used 
as the “zero” or “blank” resistance. 
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SUMMARY 


A device is described which continuously collects and measures par- 


ticulate electrolyte suspended in air or other gases. It consists essentially 
of an electrostatic precipitator, the anode of which is continuously washed 
by a stream of water or extremely dilute sulfuric acid. The electrical 
conductance of the resulting solution is measured by passing this solution 
through a conductivity cell. The results of this cell may be measured 
by a Wheatstone bridge connected with some recording device. The 
efficiency of the apparatus for determining the concentrations of sulfuric 
acid in aerosol form has been described. 
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AIR-VENTILATED CLOTHING FOR WEAR IN EXTREMELY 
HOT ENVIRONMENTS 


JOHN P. MARBARGER, Ph.D. 
Associate Professor of Physiology and Research Director of the Aero-Medical and Physical 
Environment Laboratory, University of Illinois 


CHICAGO 


H’ \T TOLERANCE studies were conducted at the Aero-Medical 
Laboratory, Wright-Patterson Air Force Base, in 1945, in com- 
pliance with a request from the Air Force Proving Ground Command, 
Eglin Field, Fla At that time a climatic hangar was under con 
struction in which extremes of climatic stress can be simulated with 
temperatures ranging from — 70 F. to 165 F. (dry bulb) and 15 per 
cent relative humidity. 

Adequate protection for personnel working in the hangar at low 
temperatures can be obtained with the use of standard Air Force electri- 
cally heated clothing, but standard ;equipment was not available for 
protection of personnel (observers, engineers and mechanics) perform- 
ing moderate work during a three hour exposure in the hot environment 
proposed for equipment test purposes in the hangar: Air-ventilated 


clothing is the most feasible means of affording protection to persons 


in an extremely hot environment. Contrary to the situation existing 
in aircraft, one is not limited by the weight and mass of necessary 
refrigeration equipment in the climatic hangar. 

Consideration is given to the type and the amount of protection 
persons will need in order to maintain a reasonably safe physiologic 
state while performing moderate work in extreme heat over a three hour 
period. The best clothing-ventilating systems and physical properties 
of ventilating air are assessed on the basis of the physiologic response 
of the subjects. Fetcher * has more recently presented an excellent and 
detailed analysis of the general specifications for air-ventilated clothing 
that may be used over wide temperature ranges 

From the Aero-Medical Laboratory, Engineering Division, Wright-Patterson 
Air Force Base. 

1. Marbarger, J. P.: Air Ventilated Clothing, Memorandum Report, Serial 
No. TSEAA-695-2FF, Air Technical Service Command, Engineering Division, 
December 10, 1945. 

2. Fetcher, E. S.; Rapaport, S. A., and Hall, J. F.: The Biophysical 
Requirements for Ventilated Clothing, United States Air Force Technical Report 
No. 5702, May 5, 1948. 
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EXPERIMENTAL PROCEDURES 


All experiments were conducted in the all-weather room at the Aero-Medical 
Laboratory at Wright Field. The wet bulb and dry bulb (DB) temperatures in the 
room were automatically controlled by means of psychrometric apparatus, the former 
to within + 3 F. and the latter to within + 5 F. These limits could be reduced by 
careful manual manipulation. Check temperature readings were frequently made 
with the use of a sling psychrometer and a Friez hygrometer. The temperature 
of air used to ventilate the garments was measured by means of a thermocouple. 
It was controlled to within + 1.5 F. by first passing the air through copper coils 
submerged in an ice bath or in warm water. The rate of air flow was measured 
by directing the air through a flow meter. 


The extent to which the subject responded to the environmental stress was 
ascertained by interrogation and by observation of certain physiologic measure- 
ments taken before he entered the all-weather room and usually at 15 minute inter- 
vals during the experiment. A study of these measurements afforded an evaluation 
of the response. Four measurements were made: 1. Sweat loss was measured 
by weighing the nude subject before and after the experiment. 2. Mean skin 
temperature was measured by means of thermocouples supported on the body with 
the use of a suitable harness. The thermocouples were located on an arm, the 
chest, the abdomen, a thigh and the lower part of a leg. 3. Rectal temperature 
was measured by means of a rectal thermocouple inserted approximately 3 in. 
(75 cm.). 4, The heart rate was taken by counting the pulse for 1 minute while 
the subject was sitting at rest. Exercise heart rates were taken as soon as the 
subject was seated after exercise. Standard moderate exercise was accomplished 
by walking on a horizontal treadmill at a rate of 2.5 miles (4 kilometers) per 
hour, 


The thermal stress in these experiments was slightly more extreme than the 
conditions proposed for the hangar, since all experiments were conducted in an 
environment of 165 F. (DB) and 22 per cent relative humidity (61 mm. mercury 
vapor pressure). Results based on studies in this environment afford an additional 
margin of safety, which was felt warranted because it is conceivable that not 
all the observers who will wear the air-ventilated clothing will be as physically 
fit as the subjects on whose response the suit specifications are based. 


EX PLORATORY 


EXPERIMENTS 
Preliminary experiments were conducted on resting unacclimatized 
subjects who were exposed for 90 minutes to less severe environmental 
stress, 150 F. (DB) and 6 per cent relative humidity, in order to test the 
merits of the Canadian air-ventilated suit and the Carrier Corporation 
air-ventilated jacket, both of which were proposed as possible equipment, 
satisfactory for the task. The rate of air flow of the ventilated suits 
was 20 c.fi.m. and the air temperature 100 F. The Canadian air-venti- 
lated suit was designed originally to be used in a moderately cool environ- 
ment, the wearer being ventilated with warm air. Air enters a 
reservoir which covers the back area of the suit and is directed through 
channels along the arms to the hands, where venting takes place in 
especially designed gloves. A channel is directed from the lower back 
region to each foot, where venting occurs in especially designed shoes. 
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The Carrier Corporation jacket ventilates trunk, arms and head. It is 
a loose-fitting parka type of cotton jacket with a drawstring located 
around the waist, so that the lower margin can be tightly fitted to the 
body, and with a hood attached so that air is directed over the head, thus 
permitting the wearer to breathe the cooler ventilating air rather than 
the hot environmental air. Air enters the jacket through a hose in the 
lower back region and circulates freely around trunk, arms and head. 
The results indicated that both suits materially protected the subject 


Fig. 1—Diagram of the air-ventilated suit used in the experiments. Air 
enters the suit at the wearer's left side (1) and is distributed to different parts of 
the body through outlets at 2, 3 and 4. 


against the thermal stress during the 90 minutes of exposure. The Car- 
rier Corporation jacket was preferred because the subject did not breathe 
the hot environmental air. The disadvantage of this jacket was the lack 
of ventilation of the lower extremities, which resulted in extremely high 
leg skin temperatures and marked edema. 

Breathing the warm environmental air while wearing the Canadian 
air-ventilated suit was objectionable. Furthermore, the flow capacity of 
the suit is not great enough to provide adequate protection in higher 
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environmental temperatures without a noticeable increase of the static 
pressure at the air inlet of the suit. The design of the suit was found 
to offer difficulties with respect to problems of human body size. Since 
this suit was primarily designed to be used in cool environments and to 
be ventilated with warm air, it is necessary to wear an outer garment 
with the suit to protect the suit and wearer from coming into contact with 
hot objects in the room. 

It became evident that in order to assure adequate ventilation to all 
parts of the body a suit would have to be constructed which would 
incorporate the principle of ventilating the entire body with the air 
directed to different general areas through flexible tubes. By this 
method, adequate ventilation is maintained regardless of the position or 
the state of activity of the wearer. A suit, fabricated from cotton twill, 
was designed to fit these requirements. Figure 1 shows a schematic 
diagram of the tube manifold system in the suit. Air enters the suit at 
the wearer’s left side (7) about hip level, and from the manifold a channel 
of air is directed down each leg (2) and vents about knee level. Another 
channel of air (3) is directed to the midback region, and two channels 
of air are directed from the manifold (4) to approximately midchest level 
in order to ventilate chest, abdomen, arms and head. Wire-reenforced 
tubing, approximately 7¢ in. (2.2 cm.) in inside diameter, is used 
throughout. In the extremely hot environments it is necessary that the 
wearer be protected against coming into contact with hot objects immedi- 
ately surrounding him. Such protection is provided by padding the suit 
with alpaca wool pile over areas where contact with hot objects is most 
likely to occur. It was found that the padding also serves to trap a 
cool air space in the clothing at pressure areas on the body, such as 
elbows, buttocks, shoulders, thighs, etc. The hands are protected by 
means of cotton gloves and the feet by felt boots. Woolen socks are 
worn with the felt boots, and cotton shorts are worn under the air- 
ventilated suit. 


EXPERIMENTS ON THE LABORATORY’S AIR-VENTILATED SUIT 

Two resting unacclimatized subjects were exposed to 165 F. (DB) 
and 22 per cent relative humidity (61 mm. mercury vapor pressure ) with- 
out protection of ventilated clothing in order to follow the trend in 
physiologic response. The results (dotted line, figs. 2, 3 and 4) show 
that one can withstand the extreme heat load for only a short time with- 
out protection... It can be seen that during the 10 minute test period the 
sweat loss averaged 275 Gm. per square meter of body area, the skin 
temperature increased from. 93.5 to 105 F., the rectal temperature 
increased from 98.5 to 99.3 F. and the heart rate increased from 80 
to 137 beats per minute. The subjects were removed from this environ- 
ment after 10 minutes because of extreme discomfort. 
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Eleven 3 hour experiments were conducted on 9 unacclimatized 
subjects (20 to 35 vears of age) wearing the air-ventilated suit in the 
extreme environment. The air flow in the suit was 50 c.f.m. at 
55 F. (DB) and 25 per cent relative humidity. Each 3 hour experiment 
was divided into intervals as follows: O to 30 minutes, rest; 30 to 45 
minutes, exercise; 45 to 60 minutes, rest; 60 to 75 minutes, exercise ; 
75 to 90 minutes, rest; 90 to 105 minutes, exercise; 105 to 165 minutes, 
rest; 165 to 180 minutes, exercise. 

The experimental results are presented in figures 2, 3 and 4. The 
average sweat loss was approximately 200 Gm. per square meter of 
body surface per hour as shown in figure 2. The skin temperatures 
presented in figure 3 show a decrease after 60 minutes of exposure 
from approximately 92.8 to 90.5 F. The range of skin temperatures 
at each determination is included. ‘The mean exercise skin temperature 
was 92.7 F. <A fluctuation of approximately 1.5 F. may be observed 


between each rest and exercise period. The rectal temperatures pre- 
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Fig. 2.—Sweat lost in an environment of 165 F. (D.B.) and 22 per cent 
relative humidity (61 mm. mercury vapor pressure), expressed in grams per 
square meter of body area per hour { represents the average sweat loss of 
2 unprotected subjects during a 10 minute test. 2B represents the individual sweat 
—_ of 9 subjects protected with the air-ventilated suit during a 3 hour test 
perioc 


sented in figure 3 show a gradual increase of approximately 1 F. during 
the first 60 minutes of exposure, and then a gradual decline. The mean 
rectal temperature throughout the exposure was 994 F. The range 
of rectal temperatures at each determination is included. The heart 
rates presented in figure 4 show the conventional increase and recov- 
ery with exercise followed by rest. The range in heart rates at each 
determination is included. The mean exercise heart rate was 108 beats 
per minute, and the mean resting heart rate was 86, an increase of 
only 7 beats per minute above the average preexperimental record. 

The results of these tests show that the subjects were maintained 
in a safe physiologic condition throughout the experiment. Slight 
increase in rectal and skin temperatures and heart rates were observed, 
but these increments were not excessive. Sweat loss was compensated 
for by permitting the subjects to drink water as desired. The usual 
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discomforts of moist clothing due to sweating are not experienced 
with this suit, owing to the rapid rate at which the ventilating air 
flows through it in an environment of reasonably low relative humidity. 
The decline in rectal and cutaneous temperature after approximately 
1.5 hours of the experiment can be attributed to the evaporative cooling 
of the sweat during the preceding exercise periods. 

The question immediately arises concerning the protection which 
would be afforded if the properties of the ventilating air were altered. 
Accordingly, a series of experiments was planned to investigate the 
physiologic response in the environment of 165 F.(DB) and 22 per 
cent relative humidity (61 mm. mercury vapor pressure) with the 
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Fig. 3.—Rectal and skin temperatures taken while subjects were exposed to an 
environment of 165 F. (DB) and 22 per cent relative humidity (61 mm. mercury 
vapor pressure). Curve 1 shows the mean rectal temperature during a 10 
minute exposure without the protection of the air-ventilated suit. Curve 2 shows 
the mean rectal temperature at 15 minute intervals with the protection of the air- 
ventilated clothing. Curve 3 shows the mean skin temperature during a 10 minute 
exposure without protection. Curve 4 shows the mean skin temperature at 15 
minute intervals with protection. The white ‘and black circles show the most 
extreme high and low temperatures observed at each 15 minute interval. R 
indicates rest; E, exercise. 


subject wearing the air-ventilated suit while various combinations of 
ventilating air flow and air temperature were tried. The experiments 
were divided into three series according to the physical properties of 
the air ventilating the suit, as follows: (1) a constant rate of air flow 
but different air temperatures, (2) a constant air temperature but dif- 
ferent rates of air flow, and (3) variations in both rate of air flow and 
air temperature. The same subjects were used throughout, with the 
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exception of series 3, in which only 2 of the subjects were available. 
A total of 49 experiments were conducted in this group. All experi- 
ments were on subjects sitting at rest and were 6) minutes in duration, 
with the exception of one condition which was so extreme that it could 
not be tolerated for the full period. 

1. Constant Rate of Air Flow but Different Air Temperatures.—In 
this series of experiments, the rate at which air flowed into the suit was 
maintained at 50 c.f.m., but the temperature of the ventilating air was 
increased in increments of 10 F. from 55 F. to 125 F. inclusive. Sub- 
jectively, the increase in air temperature was quite tolerable so long as 
the ventilating air was lower than the normal temperature of the skin. 
Under these conditions the flow of air enhanced evaporation and the 
body lost heat by convection to the ventilating air, but at air tempera- 
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Fig. 4.—Heart rates taken while subjects were exposed to an environment of 
165 F. (DB) and 22 per cent relative humidity (61 mm. mercury vapor pressure). 
Curve 1 shows the mean heart rate without the protection of the air-ventilated suit 
during a 10 minute exposure. Curve 2 shows the mean heart rate at 15 minute 
intervals, following rest and exercise, while the subjects were protected with the air- 
ventilated suit. A indicates rest; E, exercise. 


tures greater than the normal cutaneous temperature the body gained 
heat. This was reflected in the terminal heart rate and in cutaneous 
and rectal temperatures which indicated an upward trend for each 10 F. 
rise in temperature of ventilating air. The increase was more pro- 
nounced in air temperatures exceeding 85 to 95 F. 

2. Constant Air Temperature but Different Rates of Air Flow.—In 
this series of experiments, the temperature of the ventilating air was 
maintained at 55 F., but the rate of the air flow was decreased in incre- 
ments of 10 c.f.m. from 50 to 10 c.f.m., inclusive. The results show 
that with each drop in rate of flow a greater physiologic stress is placed 
on the subject. Flow rates of 50, 40 and 30 c.f.m. do not impose undue 
embarrassment on the subject and thermal equilibrium is attained during 
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the 60 minutes of exposure, but at flow rates less than 30 c.f.m. evapora- 
tion is greatly impaired and there are, in consequence, an exaggerated 
response and great discomfort. 

3. Combination of Different Flow Rates and Air Temperatures.— 
This group of experiments was conducted on 2 of the 3 subjects tested 
in parts 1 and 2. The ventilating air temperatures and flows used in 
the tests were 55 F., 50 c.f.m.; 65 F., 40 c.fim.; 85 F., 30 c.f.m. ; 
105 F., 20 c.f.m.; 125 F., 10 cfm. The results showed that for seated, 
resting subjects satisfactory protection was maintained with a com- 
bination of air temperature increased to 85 F. and an air flow decreased 
to 30 cfm. Higher ventilating air temperatures with lower flows 
imposed stresses on the subjects which became progressively more severe. 


SUMMARY 


Heat tolerance studies were conducted on seated 


unacclimatized 
subjects during a 90 minute exposure in an environment of 150 F.( DB) 
and 6 per cent relative humidity, in which the Canadian air-ventilated 
suit was compared with the Carrier Corporation air-ventilated jacket. 
rhe rate of the air flow ventilating the suits was 20 c.f.m. and the air 
temperature 100 F, 


Both suits materially protected the subject against 
thermal stress. The disadvantage of the Canadian suit was the prob- 
lem of human body size and the static pressure needed at the suit inlet 
to force an adequate flow through the suit. The Carrier ( orporation 
jacket does not ventilate the legs: consequently, excessively high leg 
skin temperatures and edema were prevalent. 

\n air-ventilated suit was designed incorporating the principles of 
both the Canadian suit and the Carrier Corporation jacket. 

Eleven three hour experiments were conducted on 9 unacclimatized 
subjects in an environment of 165 F. and 22 per cent relative humid- 
ity, with intermittent moderate exercise. Air ventilated the suit at a 
flow rate of 50 c.f.m. and a temperature of 55 F. The results show 
that the subjects were maintained in a safe physiologic condition 
throughout the experiment. Slight increases in heart rate and in cutane- 
ous and rectal temperatures were observed, but these increments were 
not excessive. 

Forty-nine one hour experiments were conducted on 3 seated sub- 
jects in an extremely hot environment in which the temperature of the 
ventilating air and the rate of flow were altered as follows: 
stant rate of air flow but different air temperature, (2) constant air 
temperature but different rate of flow, (3) combinations of different 
rates of flow and air temperatures. Ventilating air temperatures 


(1) con- 


increasing to 85 F. with flow rates decreasing to 30 cf.m. maintained 
the subject in a safe physiologic state. Higher temperatures and lower 
flows imposed stresses which became progressively severer. 
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INDISCRIMINATE ADMINISTRATION OF VITAMINS TO 
WORKERS IN INDUSTRY 


COUNCIL ON FOODS AND NUTRITION 
AND 


COUNCIL ON INDUSTRIAL HEALTH 
OF THE 

AMERICAN MEDICAL ASSOCIATION 
CHICAGO 


HILE recognizing the great significance of vitamins in relation to 


human nutrition and the importance of preparations of vitamins 
when properly used, the Council on Foods and Nutrition and the Council 
on Industrial Health of the American Medical Association disapprove 


of the mass, indiscriminate administration of vitamins to industrial 
employees for the following reasons: It is unwise nutritionally because 
special vitamin preparations cannot take the place of valuable natural 
foods in achieving the completely satisfactory nutritive state. In cases 
in which there is manifest deficiency disease known to be due to lack 
of one or more vitamins, and this is not the situation under discussion, 
the administration of vitamin preparations, in addition, may be called 
for. Furthermore, in such cases larger therapeutic doses than are given 
in some industries would be in order. Since for the general run oi 
employees a good diet can provide all that vitamin preparations have 
to offer and more in this connection, the practice of mass administration 
cf vitamins is uneconomical. An extended discussion of the evidence 
and the reasons leading to these conclusions is presented herewith 

lhe industrial application of discoveries in preventive medicine and 
public health has in considerable measure kept pace with the develop 
ments in these sciences. Some discoveries have had prompt general 
application ; concerning others there has been a considerable lag. It is 
generally recognized that the employer should provide hygienic sur 
roundings, proper sanitary facilities, machine guards and the like to 
decrease accidents. The importance of reducing wherever possible the 
degree of exposure to poisonous fumes, special chemicals that are harm 
ful in any respect and other noxious substances encountered in industry 
is widely appreciated. The discovery that the muscle cramps occurring 
in men working in a hot humid environment with consequent profuse 
sweating are due to the fact that electrolytes are lost from the body by 
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way of the sweat has led to the practice of supplying sodium chloride 
to the workers in the industries involved. Some managements have 
even yielded to sales propaganda and administered cold vaccines to 
industrial employees in an attempt to reduce absenteeism, particularly 
in the winter months. It is not surprising, therefore, that there should 
he much interest in the question whether vitamins should not be admin- 
istered to industrial workers. 


DIETARY 


DEFICIENCIES 
Recent discoveries in the science of nutrition, especially those respect- 
ing these dietary essentials, have attracted wide attention. There has 
been a growing appreciation of the existence of what some have called 
a “subnutritive” state, by which is meant a moderate degree of dietary 
deficiency of some sort. Various estimates have been made of the 
extent to which this exists in the general population. These estimates 
have been based on dietary studies, and as a rule the diets of the work- 
ing members of the families have not been dealt with individually. 
Nevertheless, it is often assumed that the same incidence prevails among 
the industrial workers as in the general population. 


PROPER NUTRITION 
The National Nutrition Conference for Defence held in Washington, 
D. C., during May 1941, in its consideration of nutritional problems 
facing the nation, gave attention to the question of proper nutrition of 
the industrial worker. The recommendations of the conference on this 
subject might be summarized in the statement that so little is known 
about workers’ diets and so scanty is the evidence concerning the amount 
and the kind of nutritional deficiencies prevailing among them that the 
primary task was to obtain such information by the use of rigidly con- 
trolled studies. The conference also recommended supplemental feeding 
in factories wherever it was found that workers’ diets fell below the 
modern standard of adequacy. No suggestion was made that the pure 
vitamins or concentrates of them should be used; the whole emphasis 
was on the use of natural foods to bring up inadequate diets to the 
required level. 

The Committee on Nutrition in Industry of the Food and Nutrition 
Board of the National Research Council gave this general question more 
detailed consideration. Because of the paucity of information available, 
this committee decided to make such a survey as was possible during 
the three summer months of 1941. This survey revealed that there 
was much room for improvement in the feeding of the men in plants 
that undertake to provide food of any kind. It was found that little 
attention had been paid to the kinds of foods served in the cafeterias 
from the point of view of modern nutrition. A qualified nutritionist 
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who classified 700 lunch trays -passing through the cafeteria line of a 
New England plant considered 390 of them inadequate and 310 of them 
good. Similar conditions were found in other plants.’ Yet in some of 
these very plants, where feeding facilities had already been established, 
consideration was being given the idea that vitamins should be admin- 
istered indiscriminately to all employees, with no examination of the 
question whether the existing plant facilities for feeding employees were 
doing what might be expected of them—whether the foods made avail- 
able through these facilities were as well selected as they might be in 
the light of modern nutritional knowledge. In one establishment the 
management had arranged for lunches to be provided by a concession- 
naire but apparently had given no attention to the nutritive value of 
the food so provided. Other instances * might be cited supporting the 
point that much can still be done to improve the nutrition of the indus- 
trial worker through careful examination of present facilities to see that 
they are most effectively used. 


EXPLOITATION OF VITAMINS 


The possibilities of sale of vitamins resident in administration of 
vitamin preparations as an industrial policy have been and are still 
being exploited in many quarters. Several companies have been formed 
for the express purpose of promoting this venture to industry. It is 
obvious that such a program should have a firm basis in scientific fact 
before being widely adopted by industry. Commercial possibilities do 
not constitute a sufficient basis for the advocacy of such a program in 


the eyes of the medical profession or of scientists generally. Some of 
the literature prepared by firms exploiting these possibilities is attrac- 
tive and undoubtedly has a great appeal to the busy industrial executive 
who must deal with it. All the arts of salesmanship seem to have been 


drawn on in the preparation of it, and the general impression created is 
that the proposals of the salesman have a firm scientific basis, an impres- 
sion which does not stand when submitted to careful analysis by com- 
petent students of nutrition. 

One of the claims advanced centers around the idea of insuring 
industrial production through what is called “vitamin health control,” 
illustrated by the statement “it is wiser to fortify the rations of employees 
with required vitamins than allow them to work undernourished.” Phy- 
sicians are of course aware that many factors are required to prevent 


1. The Nutrition of Industrial Workers: Second Report of the Committee 
on the Nutrition of Industrial Workers, National Research Council, Reprint and 
Circular Series no. 115, Washington, D. C., 1943. 


2. Tourley, M. E.: A Survey of the Diets of West Coast Industrial Workers, 
J. Am. Dietet. A. 19:567, 1943. 
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undernourishment, that vitamins are only a few of those needed.* 
A detailed list of these many factors totals approximately 40, and all of 
them are readily secured from a good diet of natural foods. Calories are 
particularly important, and the number of calories required by workers 
varies directly with the amount of muscular effort expended. No 
amounts of vitamins and essential mineral nutrients can obviate this 
need for energy-producing foods. Furthermore, if wholesome natural 
foods are used as the source of the needed calories, the required vitamins 
and minerals will be secured automatically, because they are contained in 
these natural foods. 

A considerable part of the supposedly scientific support advanced for 
this promotional effort consists almost invariably of compendiums of 
quotations from various sources, addresses of leaders in nutrition, 
extracts from their published papers and the like, all such material 
being reprinted without any regard for the original context in relation 
to which the statement had a definite and appropriate meaning appreci- 
ated by the reader. In its new environment the quotation is given an 
implication never intended by its author, and this implication is empha- 
sized with all the force that the art of salesmanship can muster. The 
next “proof” with which the business executive is confronted in this 
sales effort is of the testimonial type. Certain concerns are mentioned 
as having tried out the practice of supplying vitamins to their employees 
with alleged successful results. Concerning this, the thoughtful student 
of the problem is led to ask: Where are the data yielded by such tests? 
So far as the Council on Foods and Nutrition is aware few of them 
have been published; nor have they been summarized in memorandums 
of any kind and made available for disinterested study by competent 
persons, It is pertinent to point out here that the proper planning and 
execution of such tests are matters requiring the services of qualified 
scientists, who are familiar with the need for making suitable control 
observations before conclusions are drawn. The subject is so important 
nutritionally, medically and economically that the conclusions should 
not be based merely on general impressions of business executives and 
other members of the scientific laity. The Council on Foods and Nutri- 
tion has always had as one of its guiding principles, to be applied when 
passing on claims advanced for foods, that there be suitable scientific 
evidence in support of the claims made. ‘Too often it has turned out that 
such evidence is not at hand, but rather a body of information of the 
vague sort illustrated by the statement “we get good reports from doc- 
tors and others.” Essentially the same situation appears to prevail with 
respect to the question whether there is any value in supplying vitamins 

3. Booher, L. E.: Adequate Nutrition for the Industrial Worker, J. A. M. A. 
114:548 (Feb. 17) 1940 
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to industrial workers indiscriminately. At the present time there is no 
body of scientific information on which to base the recommendation 
that industry as a whole adopt this practice 


ADEQUACY OF DIETARIES 

Much of the evidence cited in support of this policy concerns the 
question of the adequacy of the various dietaries characteristic of the 
people of the United States. Students of this prgblem recognize that 
the dietaries representative of certain sections of the country are prob- 
ably inadequate as contrasted with those in use elsewliere. It was 
appreciation of this fact that led the Committee on Nutrition in Industry 
of the National Research Council to conclude that any careful scientific 
investigation of this question should involve tests made, if possible, in 
at least four sections of the country. Those who are promoting the 
idea that commercial concerns provide vitamins for their employees 
have as yet given no indication that they appreciate this fact that 
there are differing degrees of adequacy of diets in different sections of 
the nation, The closest approach is seen in the offer of one firm 
exploiting this program which reads as follows: “A choice of proven 
formulas is available, or special combinations to meet unusual situa 
tions may be worked out.” Even when the general character of the 
diets used in a given section is known, one cannot be sure that this 
represents the diet which the worker received; McHenry and his associ 
ates * observed in their study of the diets of families in Toronto, Canada, 
that the worker was likely to get a better diet than any other member 
of the family. 

It appears obvious that, broadly speaking, the dietaries of the indus- 
trial workers of a given section of the country will reflect in part the 
general situation prevailing in that area and in part the food habits 
characteristic of the racial and other background of the persons in 
question. Consideration of this must lead to the conclusions (a) that 
on the basis of present knowledge broad generalizations concerning 
inadequacies of the diets of industrial workers are quite unjustified and 
(b) that the decision to give vitamins to industrial workers should 
depend on the results of careful study of each particular situation with 
respect to the dietaries of the employees in question and all other perti- 
nent circumstances. 

Concerns that are interested enough in this problem to consider 
spending large sums of money just to buy vitamin pills for their employ- 
ees could render a valuable service to their industry and section of the 


4. Patterson, J. M., and McHenry, E. W \ Dietary Investigation in 
Toronto Families Having Annual Incomes Between $1,500 and $2.400. 
Pub. Health J. 32:251 (May) 1941 
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country if they would use this money to support research on this ques- 
tion in their plants. Such studies should include the collection of care- 
fully controlled observations and publication of the findings under proper 
scientific auspices, so as to permit independent appraisal of the results. 
The appropriate limitations on the generalizations arrived at would be 
evident in the published report. In making such studies these concerns 
would soon learn that present technics for revealing the presence of 
moderate vitamin deficiencies in their employees are in need of develop- 
ment. This subject constitutes one of the important fields of research 
now being cultivated. A program whereby vitamins would be admin- 
istered indiscriminately to employees means, of course, that vitamins 
would be given to people who are apparently normal. Therefore, any 
deficiency that might be so treated would be of the moderate or 
subclinical type; proof of the existence of such a deficiency is difficult. 

Numerous suggestions can be offered for constructive action that 
business executives might take now in relation to this question pending 
the completion of the researches just mentioned. Industrial plants 
might assist more than they do in the educational work that must be 
done. They might be used for the display of posters and the distribu- 
tion of literature that teach how to select a good diet. Organizations 
of employees could well be enlisted in a campaign to educate the indi- 
vidual workers in such matters and through them their wives, who 
select the food served in their homes; through them, the wives could be 
encouraged to attend the various nutrition classes established in the 
communities throughout the land. The use in the plant of slot machines 
that dispense bottles of milk could be studied to determine its value for 
tlhe plant in question. Nutrition committees have been established in 
the various states and in many of their political subdivisions.’ The 
health departments in many states and cities have nutrition divisions 
which can be consulted by firms in these respective areas. Through these 
committees and health department officials the management of any plant 
may readily secure advice and assistance in improving the general nutri- 
tion of the workers. Many organizations representative of various parts 
of the food industry—the National Dairy Council, to mention but one 
example—-have a valuable contribution to make through their posters 
and! other material prepared for use in the broad educational work con- 
cerning nutrition. Through the various nutrition committees this 
material, as well as that emanating from federal agencies, such as the 
Bureau of Home Economics, the Children’s Bureau, the National Insti- 
tutes of Health, the National Red Cross and numerous state agencies 
that might be cited, can be secured. The United States Department of 
Agriculture, Bureau of Home Economics and Human Nutrition, Wash- 
ington, D. C., issues a Nutrition News Letter undér the direction of 
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Dr. Hazel Stiebeling. Through this office much information on nutrition 
from the various governmental agencies is disseminated. Industry might 
well make use of these resources. 


SPECIAL NEEDS IN PARTICULAR INDUSTRIES 


It will doubtless be argued in certain quarters that in particular 
industries the workers may have a greater requirement for one or more 
vitamins because of the conditions of the employment. Certain distribu- 
tors of vitamin preparations have been advocating that ascorbic acid 
(“vitamin C”) be administered as a prophylactic against poisoning by 
metals, organic solvents, aniline derivatives, phenol, cyanides and so on. 
The scientific evidence offered at this time in support of such a practice 
is unsatisfactory. In view of this, such a practice must be regarded as 
purely experimental and not allowed to create in the mind of the 
employer, as well as in that of the employee, a false sense of security, 
thus contributing to the lax application of other obviously proper safety 
measures. In this connection it is pertinent to point out that vitamins 
and minerals are not the only nutritive factors meriting attention here. 
Recent studies suggesting that the amino acid methionine is of value for 
preventing and treating hepatitis due to absorbed toxic halogenated 
hydrocarbons obviously point to proteins and their constituent amino 
acids as worthy of attention.° 


CONTROLLED STUDIES 


There have been a number of investigations in this field in which 
an attempt was made to conduct the experiments with proper controls. 
Holmes, Pigott, Sawyer and Comstock * thus studied the possible value 
of the administration of cod liver oil for reducing industrial absenteeism 
due to colds and related diseases of the respiratory tract. Wise and 
Schettler * investigated the efficiency of color matching by employees 
who had been rated as below the optimum in vitamin A by biophotome- 
ter tests and were then given carotene. Schettler, Bisbee and 


Goodenough * have studied the effect of administration of vitamin A 


5. The Status of Methionine in the Prevention and Treatment of Liver 
Injury, Report of the Council on Pharmacy and Chemistry of the American 
Medical Association, J. A. M. A. 183:107 (Jan. 11) 1947 

6. Holmes, A. D.; Pigott, M. G.; Sawyer, W. A., and Comstock, L.: Cod 
Liver Oil: A Five Year Study of Its Value for Reducing Industrial Absenteeism 
Caused by Colds and Respiratory Diseases, Industrial Med. §:359 (July) 1936, 

7. Wise, R. C., and Schettler, O. H.: Report on the Use of the Biophotome- 
ter and Vitamin A Therapy in Industry, Ohio State M. J. 34:666 (June) 1938. 

8. Schettler, O. H.; Bisbee, R. F., and Goodenough, B. H.: Report of the 
Use of Biophotometer and Vitamin A Therapy in Industry, J. Indust. Hyg. & 
Toxicol. 21:53 (Feb.) 1939. 
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on retinal fatigue. While the evidence of the value of vitamin A pre- 
sented in the reports cited is considered too meager to justify claims 
for the vitamins, these studies stand out as examples of the kind of work 
that needs to be done in order to ascertain the facts. 

In considering these particular studies it should be remembered that 
an examination of some sort was first made of these employees and 
then the effect of administration of a vitamin was tested. With data 
of this sort available, a period of administration of large amounts of the 
appropriate vitamin is quite proper in order to bring the employee to 
the optimal state, after which the use of a good diet is all that is 
necessary. As another example, it might be contended that difficult 
muscular effort with consequent greater combustion of carbohydrate 
should lead to a greater requirement of thiamine (‘‘vitamin B,”). Here 
again, however, one is dealing with a matter that is amenable to scien- 
tific test and which, therefore, should be subjected to such tests before 
being considered as settled. Such evidence as has been secured in 
relation to this particular question of muscular fatigue, however, does 
not support the idea that administration of vitamins is of value to young 
healthy men subsisting on an adequate diet. For example, Keys and 
Henschel,” at the University of Minnesota, have carefully tested the 
value of supplementing a good United States Army ration with liberal 
amounts of available vitamins. The tests involved measurements of 
(1) muscular performance with the subject on a treadmill carrying a 
heavy pack, (2) time required to recover from fatigue, (3) heart 
action and (4) related physiologic processes. Tests were made during 
periods when the men were subsisting on the Army ration alone and 
again when they were receiving that diet together with an additional 
supply of vitamins. Furthermore, the foods actually eaten were 
recorded, and the adequacy of the ration itself was determined. It was 
concluded that supplementing an adequate diet with additional amounts 
of vitamins serves no useful purpose. Students of nutrition would 
doubtless anticipate such a result. 

Perhaps the most extensive study of this problem yet reported was 
that carried out on about 1,100 aircraft workers in Southern California. 
Weekly records of their consumption of selected foods were collected 


and evaluated as compared with the Recommended Dietary Allowances 
of the Food and Nutrition Board, National Research Council.’® Medical 


and laboratory examinations were made in order to determine their 


9. Keys, A., and Henschel, A. | Vitamin Supplementation of U. S. Army 
Rations in Relation to Fatigue and the Ability to Do Muscular Work, J. Nutri- 
tion 23:259 (March) 1942. 


10. Wiehl, D. G.: Diets of a Group of Aircraft Workers in Southern Cali- 
fornia, Milbank Memorial Fund Quart. 90:329 (Oct.) 1942. 
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nutritional status."' A rigorously controlled experiment was then 
carried out to obtain information concerning the effect of a “vitamin- 
mineral” supplement on their industrial efficiency”? The study ran for 
a year, from March 1, 1942 to Feb. 28, 1943, during which the men 
received a vitamin-mineral supplement in capsules and pills twice a 
day while they were at work, five days a week. It was estimated that 
the over-all gain in production from the physiologic effect of the 
vitamin-mineral supplement, after all psychologic effects were presum 
ably eliminated, was 10.5 working days per man per year, which cor- 
responded to a gain in manpower of 4.1 per cent. This total gain of 
4.1 per cent was broken down as follows: 62.9 per cent of it was due 
to better general work performance; 21.6 per cent, to reduced absen- 
teeism, and 15.5 per cent, to reduced turnover. These figures should 
be compared with the following corresponding ones for the control 
group: 2.6 per cent, 18.6 per cent and 26.9 per cent. These figures 
are not strictly comparable, because the 2.6 per cent pertaining to gen 
eral work performance refers to all workers, whereas the others per- 
tain to absenteeism and turnover and therefore to a smaller number of 
workers. It was thought that by the use of appropriate controls the 
psychologic could be separated from the physiologic effects of the sup- 
plement. The psychologic effects were found to influence only the 
absenteeism. This agrees with other reports that the chief effect of 
the vitamin preparations administered to workers seemed to be psycho- 
logic: When they thought they were receiving vitamins, whether they 
were actually getting them or only the nonvitamin placebos, their sub 
jective reports were favorable. 

In judging the significance of these studies of aircraft workers in 
relation to our theme it is pertinent to point out that this was an enor- 
mous industrial plant which had great difficulty in establishing adequate 
eating facilities and thus meeting the problem through the provision of 
good meals of well known valuable natural foods. The significance of 
the positive findings cited in the foregoing paragraph has been much 
discussed and debated, the chief question at issue being whether a net 
gain in general work performance of only 2.6 per cent is truly signifi- 
cant, everything considered. This is a difficult question to answer in 
any general dogmatic fashion. It is unfortunate that there is no similar 
study on record in which the vitamins were provided solely through 
natural foods. 


11. Borsook, H.; Alpert, E., and Keighley, G. 1 Nutritional Status of 
Aircraft Workers in Southern California: II. Clinical and Laboratory Findings, 
Milbank Memorial Fund Quart. 24:115 (April) 1943 


12. Borsook, H.: Nutritional Status of Aircraft Workers in Southern Cali 
fornia: III. Effects of Vitamin Supplementation on Absenteeism, Turnover and 
Personnel Ratings, Milbank Memorial Fund Quart. 28:113 (April) 1945 
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DIET AND FATIGUE 

This question of the relation between dietary factors and fatigue on 
one hand, and industrial efficiency on the other, has other important 
aspects that are in no way covered by indiscriminate administration of 
vitamins. Haggard and Greenberg,’* on the basis of their controlled 
observations of muscular efficiency as measured by the performance of 
manual tasks, expressed the belief that industrial efficiency accompanied 
with a subjective feeling of well-being and vigor is affected by the 
so-called hunger contractions of the empty stomach and the concentra- 
tion of circulating blood sugar, and that these factors are related in 
an important way to the frequency of meals. More recently these 
authors '* have reemphasized the importance of between meal feedings 
in industry and pointed out the necessity for providing “both minerals 
and vitamins in addition to at least 30 Gm. of carbohydrate.” The 
blanket administration of vitamins does not solve this problem, whereas 
the opposite is true when an extra supply of wholesome food is given. 
Extra meals consist of appropriate natural foods, and the vitamins 
needed for the metabolism of this extra food energy will be provided 
automatically in those foods. The so-called Oslo breakfast,’’ which 
has been used so successfully in Norway and again in England,’® is 
just this type of meal, being made up of various protective foods rich 
not only in vitamins but in other important nutrients as well. 


INDIVIDUAL NEEDS 


At least one concern has followed the practice of supplying vitamins 
to employees (or assisting in this) when the employee's private phy- 
sician expresses the opinion that this person may be in need of vitamins. 
In such a situation, obviously, the employee has gone to the trouble 
to consult his doctor for some reason, and vitamins have come into the 
picture as a result of that consultation. This situation is, of course, 
quite different from that in which a concern distributes vitamins indis- 
criminately to all its employees. 

13. Haggard, H. W., and Greenberg, L. A.: Diet and Physical Efficiency, 
New Haven, Conn., Yale University Press, 1935. 

14. Haggard, H. W., and Greenberg, L. A.: The Selection of Foods for 
Between-Meal Feedings in Industry, J]. Am. Dietet. A: 17:753 (Oct.) 1941. 

15. Schigtz, C.: On the Feeding of School Children in Oslo, 1927, cited by 
E. Rurnet and W. R. Aykroyd, Nutrition and Public Health, League of Nations 
Quart. Bull. of the Health Organization 4:408 (June) 1935. 


16. Wright, M. D.: The Oslo Meal: Its Acceptability Among Industrial 
Workers, ]. Roy. Inst. Pub. Health & Hyg. 3:253 (Oct.) 1940. ; 
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EXPERIENCE IN FOREIGN COUNTRIES 


The importance of using natural foods rather than vitamin pills in 
solving any dietary inadequacies of industrial workers is both illus- 
trated and emphasized by the experience of Norway and England. 
Mention has already been made of the Oslo breakfast. Mr. Bevin, 
minister of labor in Great Britain, has ruled that all factories employ- 
ing 200 or more men must set up canteens to provide the workers with 
ene good meal each day. The minister of health and other authorities 
in Great Britain have viewed with disfavor every attempt to dispense 
vitamins to workers. The significance of this attitude will be more 
readily appreciated when it is remembered that food is rationed in the 
British Isles and protective foods are scarce. If in these conditions it is 
preferable to supply the workers with good natural foods rather than 
with vitamins, there seems to be no basis for indiscriminate adminis- 


tration of vitamins in this country. In this connection it is worthy 


ef mention that the comparatively recent (1946) monograph entitled 
“Nutrition in Industry,’ published by the International Labour 
Office and reporting on the situation as it prevails in Canada, the 
United States and Great Britain, and representing as it does the war 
experience and the thinking based thereon, stresses continually the 
importance of improving the nutritive state of the workers not through 
the blanket administration of vitamins but rather through improvement 
of eating facilities and provision of meals of wholesome natural foods of 
high nutritive quality. 
CONCLUSION 

In view of the foregoing discussion the Council on Foods and Nutri- 
tion and the Council on Industrial Health conclude that satisfactory 
evidence of the wisdom of the general practice of industrial concerns 
providing all their employees with vitamins is lacking. Where a satis- 
factory study of any given industrial situation indicates the wisdom of 
supplying vitamins to employees, the Councils wish to point out the 
necessity for observing the proper scientific limitations of such action 
in the situation in question; after the employee has been restored to a 
good nutritive state, the use of a good diet of natural protective foods 
should then suffice. Nothing in this report is intended to belittle the 
significance of vitamins in relation to nutrition or the value of the 
proper use of added vitamins in improving staple foods, such as bread 
and flour. What is being emphasized is the need to avoid indiscrimi- 
nate, mass use of vitamins, a practice which supports the commercial 
exploitation rather than the scientific rational use of these important 
dietary factors. 

535 North Dearborn Street. 


17. Nutrition in Industry, Montreal, Canada, International Labour Office, 1946. 
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General 


Tne Prace or Psycutatry in Inpustry. L. E. Hier, J. Michigan M. Soc. 
49:75 (Jan.) 1950. 


Himler feels that in industry the standards of the services provided for mental 
and emotional health fall far below those maintained with respect to physical 
health. Yet today there are no problems in industry more urgent than those 
directly and indirectly related to individual and group mental health, whether 
considered from the standpoint of the immediate incidence of the difficulties of 
adjustment which individual employees manifest on the job or from that of the 
long range relationships existing among working teams and between their leaders 
on the sides of management and labor. Reputable psychologists, psychiatrists 
and psychiatrically oriented industrial physicians do not promise cure-alls, but 
their clinical background gives them the soundest over-all equipment and experi- 
ence for continuing needed studies to improve selection, placement, supervision and 
treatment of employees having some degree of mental or emotional handicap, and 
for teaching the technic of better interpersonal relationships on all levels of indus- 
trial organization. Painstaking efforts are required to overcome the resistance 
of certain men in top positions who are unaware that they create more problems 
than they solve by using coercive tactics which violate the principles of mental 
health. Some whose training was exclusively in the fields of engineering, accounting 
or law are peculiarly impervious to a new, nonauthoritarian approach to human 
relations. The medical department should be one of the focal points within 
industry from which the spirit of constructive human relationships radiates 

The author feels that more physicians, nurses and employee counselors should 
be acquainted with the basic principles and technics of psychotherapy. The purpose 
is not the elimination of all such persons as might be deemed to belong to the 
so-called misfit class. This is a misconception shared by many who associate the 
work of psychiatry with \the exclusion of the mentally ill from society and who 
think of industrial psychiatry as fulfilling a similar arbitrary function. The much 
more important positive task relates to the proper placement of the employee 
handicapped with some degree of emotional instability, who when properly placed 
and supervised can become as useful as the one who is physically handicapped 
Emotionally handicapped persons have just as much right to work as the physically 
handicapped, and better understanding of their unique personality reactions should 
be the means of more effective occupational adjustment, not denial of the oppor- 
tunity to work. 

The author feels that the time has come when psychiatrists, psychologists and 
psychiatrically trained physicians can no longer remain aloof from social conflicts 
in the field of labor relations, the outcome of which depends to such an alarming 
degree on emotional rather than factual issues. Specialists in human relations must 
make available to industry their ability to analyze and alleviate the psychologic 
factors which promote work stoppages and strikes. The component forces of a 
strike are accentuated when they are overlooked, ignored or mishandled. The 
proper approach is a preventive one which studies the emotional factors involved 
in individual and group reactions before these reach the stage of hostility and 
aggressive conflict. 
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Hycrentc Conpitions IN THE Packinc Hovses or tHe Port or NAPLes 
L. Amsros10, Folia med. 32:601 (Nov.) 1949 


Ambrosio investigated the hygienic conditions of workers in the refrigeration 
plants at the Port of Naples. Those working with the refrigeration machinery 
showed slight irritation of the conjunctivas and of the mucosa of the upper respira- 
tory tract, due to ammonia vapors that were present. During the cleaning of the 
compressors or in the event of accidental breaking of a tube, faucet, etc., the dis- 
turbances were greater. There were lacrimation, coughing, vomiting, dizziness, 
even unconsciousness. Reddening of the conjunctivas and irritation of the tonsils 
were found in some workers. Those who worked in the freezing chamber showed 
the effects of exposure to cold, such as colds, neuralgia and myalgia. The ammonia 
concentration of the atmosphere surrounding the refrigeration machinery varied 
between 0.04 and 0.02 cc. per liter of air. The average difference of the tem- 
peratures of the different parts of the refrigeration plant varied from +15 C. 
(+ 59 F.) in the halls to —6.5 C. (+ 22.1 F.) in the cold chambers. Humidity 
varied between 96 and 60 per cent. The author concludes that so far as the packing 
houses at the Port of Naples are concerned, refrigeration has not proved to be 
injurious to the health of the workers. Additional clothing is recommended in 
order to prevent some disturbances. 


Functions oF ENGINEERS IN INDUSTRIAL SANITATION CONCERNING SAFETY AND 
Hyciene or Workers. J. A. LeGnazzi, Med. depor. y trab. 18:2310 (March) 
1949, 


Duties oF Cuemists Respectinc Hyciene anp Sarety ror Workers. D. L. 
Barrios, Med. depor. y trab. 18:2316 (March) 1949, 


Sickness ABSENTEEISM IN FINLAND. Leo Noro, Duodecim (Helsinki) 65:953- 
973, 1949. 


The writer first reviews foreign studies of sickness absenteeism and the social 
factors causing absence from work, and then reports the results of a study com- 
prising about 210,000 persons in Finland. The results were as follows: 

1. The average sickness absenteeism varied greatly in the work-places studied, 
from 0.21 to 13.2 days per person and year. Women’s sickness absenteeism was 
on an average 40 to 60 per cent higher than men’s. 


2. The sick cases recorded by Sickness Funds varied in the different years 
from 148 to 629 per thousand members. In state employment the corresponding 
figures were 23 to 1,120. 


3. The duration of sicknesses was usually inversely proportional to the number 
of cases of sickness. The average duration recorded varied from 6.5 to 13.0 days 
in 1942 to 1947. In state employment these figures varied from 4.5 to 12.2 days 
between July 1, 1948 and June 30, 1949. Short illnesses, lasting from one to three 
days, accounted for 75 per cent of the total number of cases in some work-places, 
but usually for 30 to 60 per cent 

4. Sickness absenteeism has generally increased during the last ten years and 
the maximum figures were reached in some state work-places in 1945 to 1946, 
when labor morale after the war was lowest. 

5. In Finland cases of sickness reach a peak during the first quarter of the 
year. Their number seems to be less affected by seasonal variations in outdoor 
than in indoor work. Those who work indoors show higher sickness absenteeism 
than do outdoor workers. 
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6. If maternity leave is included, the sickness absenteeism of married women 

under 30 is about four times that of men of the same age. With advancing age 

sickness absenteeism increases in the groups of men and unmarried women workers. 
7. Those of higher social status and enjoying better social security show a 

higher absenteeism than those of lower social status. 

8. Absenteeism is usually higher in the capital than in rural districts. 


9. In spite of the general improvement of national health, the absenteeism 
referred to as temporary diseases and “sickness days” has clearly increased in the 
last ten years. The writer considers that the greater social security, the increased 
utilization (= abuse) of advantages while sickness lasts, and the many new exami- 
nations and treatments of modern medicine, etc., cause an increase of short absences 
from work, which pass as “sickness.” A new “social disease”’—malingering—has 
also appeared, which will be of the greatest importance in national economy 


From AvutHuor’s SUMMARY 


Physiology and Nutrition 


InpusTRIAL Erriciency as ArFrectep BY Foop Intake Durinc Mip-MorNING 
AND Rest Pertiops. J. and W. Wywn, J. Applied 
Physiol. 2:268 (Nov.) 1949, 


Haldi and Wynn believe that the assumption that the industrial worker requires 
a substantial amount of food at the midmorning and midafternoon rest periods in 
order to maintain a high degree of efficiency cannot be accepted without more 
convincing evidence. They question whether at these periods the energy reserves 
of the worker have been reduced to the point where the organism demands food 
or whether there is not some psychologic reason for the eating, such as the desire 
to make a restful change from monotony 

The present study was undertaken to determine whether the efficiency of the 
workers might be related to the kind and the amount of food eaten in the mid- 
morning and midafternoon rest periods. The experiments were conducted in the 
sewing room of a cotton bag factory. The subjects were all women who worked 
at top speed continuously throughout the working hours on electrically driven 
sewing machines. They had volunteered to serve as subjects after they had been 
told that the investigators were studying certain aspects of nutritional problems 
The precise nature of the experiment, however, was not revealed 

For three consecutive weeks one of four refreshments was served each day 
during the midmorning and midafternoon rest periods. It was estimated that the 
caloric yield of the four refreshments was approximately 650, 350, 150 and 80 
calories, respectively. These experiments demonstrated that in this type of work, 
efficiency is not affected by the amount or the kind of food eaten during the mid- 
morning and midafternoon rest periods. The energy reserves derived from the 
usual meals appear to be sufficient for the day’s work 

However, it should not be concluded that refreshment of the workers during 
the morning and afternoon rest periods is of no importance. On the days when no 
food was eaten during the rest periods there was no impairment in work output, 
but the workers were not pleased. Other investigators have found that the pro- 
ductivity of industrial workers may be adversely affected by unfavorable psycho- 
logic states. It is possible that a resentful frame of mind might be engendered 
either by denying the workers access to food and beverages or by an attempt 
toward regimentation in the matter of what they should eat or drink. 
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oF Pivots: A Tenx-Year Stupy. K. M. J. 
Aviation Med. 20:418 (Dec.) 1949 


Simonton cooperated in the annual physical examination of a group of com- 
mercial airline pilots during the ten year period from 1939 to the present. In his 
study of the audiograms of 47 airline pilots, taken at intervals of ten years for 
each pilot, he found that the loss of hearing of 36 of the 47 pilots was 15 or more 
decibels in one or more frequencies. With the majority of these pilots the loss 
was recorded for frequencies of 4,096 cycles per second and higher. Nine pilots 
had a loss of 15 or more decibels in the frequencies of normal speech, that is, 
512 to 2,048 cycles per second. Four pilots had a final threshold of hearing which 
was more than 30 decibels above the normal for one or more of the frequencies 
of speech in one or both ears. 

The author concludes that the data obtained confirm the opinion expressed by 
other authors that loss of hearing attributable to flight is not a serious problem 
The data also suggest that an individual pure tone audiogram may form the basis 
for an estimate of a pilot's future hearing loss. They suggest that the threshold 
audiogram taken in quiet surroundings is not a good index of the efficiency of the 
hearing of a pilot who is in flight. A more effective method of estimating how 
well the pilot hears under flight conditions would be the testing of hearing for 
the spoken voice and for the directional radio beam as delivered by ear phones 
against a background of noise simulating that present in the cockpit of an airplane 
in flight 


Occupational Diseases and Hazards 


REAcTION Propucep tN Putmonary ARTERIES By or Corron Finers 
W. C. vow Giraun and J. W. Harr, Am. J. Path. 25:575 (July) 1949 


NITROGLYCERIN ReaAcTIONS AMONG PHARMACEUTICAL WoRKERS R. Racen 
Bresier, Indust. Med. & Surg. 18:519-523 (Dec 1949 


INDUSTRIAL SIDEROSIS , Dow, Edinburgh, M. J. 56:230 (June) 1949 


PNEUMONOCONIOSIS AFTER Exposure To SULFUR Diexipe Fumes Anp Dust From 
Coxe Fires. Lasar Dunner, R. Harpy and D. J. T. Bacnart, Lancet 
2:1214-1216 (Dec. 31) 1949. 


The authors describe briefly 10 cases of pneumonoconiosis following inhalation 
of sulfur dioxide fumes and dust from open coke fires. Roentgenograms of 4 
patients are given with a description of the usual roentgenographic appearance 
Chemical analysis of a fraction of the dust particles, which have a diameter of 
about 2 microns, has revealed siliceous and iron compounds. The authors discuss 
the etiologic background and stress the importance of investigating the disease. 
The earlier investigation of Rambousec (1913) is mentioned, but no reference is 
made to more recent work done in Italy 


K.-D. Lunperen, Brookline, Mass 
DERMATOSES FROM IMPREGNATION OF Woop. Javier M. Tomé Bona, Folia med 
32:289-293, 1949. 


Lesions produced by the following agents are described: Zine chloride, mer- 
curic chloride, sodium fluoride and tar oil 


Meyer [Cuem. Anstr.]} 
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OccupaTionAL Hazarps OccuPpATIONAL Diseases IN IRON AND METAL- 


Picktinc Inpustrries. Hermine Vocer, Metalloberflache 2:87, 1948. 


A. 


SILICOANTHRACOSIS AND TUBERCULOSIS IN A NETHERLANDS CoaL MINE. 
ApreLmMan, Nederl. tijdschr. v. geneesk. 93:3703 (Oct. 29) 1949. 


In examining several hundred miners who worked in an anthracite mine in the 
Netherlands, Appelman found that 11 per cent had advanced silicoanthracosis. 
No tubercle bacilli could be detected in the sputums of those with the severest 
form of anthracosilicosis, although the sedimentation rate of the erythrocytes was 
usually increased. Taking into account the extreme sensitivity of the modern 
methods for culturing tubercle bacilli, the author regards this as an argument 
against the opinion of ‘Policard and others, who consider a tuberculous infection a 
necessary condition for the development of silicosis, and certainly for massive 
fibrosis. He believes that probably some other mechanism exerts an influence. 


AstumMa Causep py Curomium Trioxipe. C. Brocu, Nord. med. 
41:996-997 (June 3) 1949. 


In Norway, at a foundry where ferrochromium undergoes electrothermic 
processes, Broch has found asthma a comparatively common complaint among 
workers engaged in the industry for more than ten years. The present article 
gives a detailed account of 2 patients whose asthma could be directly traced to 
inhalation of chromium trioxide. Skin tests with various substances showed that 
it was only this chemical to which the patients were hypersensitive. Both patients 
had previously been well, and their violent asthmatic reaction to fumes from the 
factory furnaces set in almost instantaneously. On the other hand, many of the 
other asthmatic persons employed in the same factory did not begin to have 
asthma until they had been exposed to its fumes for several years—hence the sus- 
picion that different causes were responsible for the asthma of 9 among some 200 
men who had been in the employ of the factory for more than ten years. 


C. Hye.]. 


Industrial Toxicology 


A PRELIMINARY INVESTIGATION oF BLoop FLUORmE LevELS FoLLow1nc ExposuRE 
TO Hyprocen Fiuoripe at a CONCENTRATION OF APPROXIMATELY 29 mMG/M2. 
F. A. Smirn and D. E. Garpner, AECU-406, May 25, 1949. 


Rabbits exposed to approximately 29 mg. of hydrogen fluoride per cubic meter 
for intervals of one to five days reveal a fivefold increase of blood fluoride. The 
fluoride curve reaches a plateau after one day of exposure and does not rise further 
with continued exposure. It declines immediately after termination of the exposure 
but is still significantly above normal for at least three days after the animals are 
removed from the hydrogen fluoride atmosphere. 


From .NucLeAR Science ABSTRACTS. 


Two Cases or Acute Leap Potsontnc OccuRRING IN BLENDERS oF TETRA- 
ETHYL-Leap- Frum. J. T. Diaz, M. Bull., Standard Oil Company 10:34-37 


(Jan.) 1950. 


Diaz lists seven elaborate precautionary measures which have been developed 
for the safe handling of tetraethyl lead and with which satisfactory results have 
been achieved. He cites the cases of 2 men who worked successively in the same 
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job. The first of these, several months before his illness, abandoned a poorly 
fitting and uncomfortable respirator mask. The second used a poorly fitting mask 
for two months before his illness. Both contracted atypical lead poisoning and 
showed urinary excretion of lead within the range expected in lead poisoning 
(0.15 to 0.30 mg. per liter). Both responded to resting in bed and high vitamin, 
high calcium diets, supplemented with vitamins and calcium by mouth. The author 
stresses continual supervision and inspection of protective equipment to prevent 


such cases. Joun D. Rosuck, Boston. 


CLINICAL AND Stupres ON RESPIRATORY MANIFESTATIONS 
Osservep Workers Exposep to Beryitrum. A. Meyer and D. 
Semaine d. hop. Paris 25:3229 (Oct. 22) 1949. 


Meyer and Brille describe the acute and chronic forms of beryllium poisoning, 
giving particular attention to the chronic pulmonary form. They were able to 
observe personally 4 patients with this form, who were under observation at the i 
laboratory of G. Wright in Trudeau, N. Y. i 


CARDIOVASCULAR CHANGES IN INDUSTRIAL Leap Potsonine. Luter 


32:241-256, 1949. 


AMBROSIO, 
Folia med 


Among 35 subjects with lead poisoning 4 had generalized sclerosis, 7 prevalence 
of aortic lesions and 9 myocardial damage, some with coronary involvement and 


‘brillations. 
fibrillation CHemicaL AsstRacts 


CopROPORPHYRINURIA IN EXPERIMENTAL INTOXICATION Due TO TRINITROTOLUENE 
R. Fimrant, Folia med. 32:617 (Nov.) 1949 


Trinitrotoluene intoxication was produced in 20 rabbits, and the urinary con- 
centration of the coproporphyrin was determined in the initial stage and for 
several days during the various phases of the intoxication. The degree of copro- 
porphyrinuria was proportional to that of intoxication. Two concepts have been 
suggested to explain the genesis of coproporphyrin, which also may aid in explain- 
ing the increased coproporphyrinuria of the various phases of TNT intoxication. 
The concept of an analytic genesis of coproporphyrin is based on the presumption 
that the appearance of this substance constitutes an intermediate phase in the 
liver’s degradation of hemoglobin and that it is found in the urine only when 
the normal process of the degradation of hemoglobin is altered. According to the 
concept of a synthetic genesis, the erythropoietic tissue participates in the genesis 
of coproporphyrin; the fact that coproporphyrin is present in the bone marrow 


favors this concept. In the initial stage of the intoxication the marrow is in full 
activity with respect to the synthesis of hemoglobin, to counteract the hemolyzing 
effect of the toxin on the peripheral blood. The increased synthesis of hemoglobin 
is associated with an increased renal elimination of coproporphyrin. In the later 
phases of intoxication the hemolysis increases and the process of degradation of 
hemoglobin increases likewise. The liver loses its capacity to fix and to dis- 
integrate the coproporphyrin, which consequently continues to increase, thus giving 
support to the analytic concept. 


Arr or Inpustrtat BY CHLORINE AND MERCURY 
Vapors AND Its Sanitary Evatvuation. G. A. Beittkuts and N. D. 
Rozova, Gigiena i Sanit. 13:12-21, 1949 


Air pollution in such sites as electrolytic cells for sodium chloride is largely 
caused by mercuric chloride, rather than by individual mercury and chlorine, as 
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shown by low actual concentration of mercury. The consequences of this fact should 
be investigated further. Protective measures suggested are walls constructed 
from materials that have low adsorption coefficients (oil paints should be avoided), 
washing facilities and health inspection. Finally, an adequate analytic method for 
mercury, chlorine and mercuric chloride must be developed for aerosols. 


CuHEeMIcAL ABSTRACTS. 


AND Curontc Mercury Porsontnc. Grorcio Bator, Med. 


d. lavoro 40:113, 1949. 

In a felt hat factory 840 workers, when medically examined, showed an 
incidence of mercurialism of 21.3 per cent. Thyroid disease was found in 56 persons. 
No correlation between mercury poisoning and thyroid disease could be discovered. 


A. E. Meyer [Cuem. Apstr.]. 


ProressionaL Dermatosis Dur to HEXACHLOROCYCLOHEXANE. M. P. FRANCONE 


and W. Cuena, Farmalecta 4:35 (Aug.) 1949. 


According to Francone and Chena, dermatosis produced by hexachlorocyclo- 
hexane is an industrial dermatitis. It occurs when the skin of the workers comes 
into direct contact with hexachlorocyclohexane powder, solution or emanation. 
Hexachlorocyclohexane acts primarily as an irritant, producing lesions in the 
contacting area. In time it also produces hypersensitivity with lesions developing 
in remote areas. Pruritus is the first symptom. It is followed by erythema, 
j papules, blisters, edema, exudate and crusts. In some cases progress of the lesions 
i is stopped, and they disappear in a few weeks. In some workers dermatitis appears 
after the skin has been in contact with the substance for only one day, whereas 
in others it appears only after several weeks, morths and even years of contact. 
The type of skin, the form of exposure and the hypersensitization which develops 
in time are coadjutant factors. There are frequent recurrences in some, whereas 
recovery is spontaneous in others. No mention of this industrial disease is found 
in the literature. The researches carried on by the authors showed that in 1947 
in Argentinean industries in which hexachlorocyclohexane was handled 25 per 
cent of the workers had contact dermatitis. From 1947 until now the frequency 
of the disease has greatly diminished because of the adoption of measures of 
prevention and hygiene in industrial centers. The report of the authors concerns 
39 workers, and outlines methods for controlling the dermatitis. 


Toxicity ar Wave Soiutions. 
geneesk 93:3400 (Oct. 1) 1949. 


A. P. J. vAN pbeR Bure, Nederl. tijdschr. v. 


The case presented by van der Burg concerned a hairdresser, aged 22, who 
complained that for nearly a year she had been troubled with poor appetite; 
later this was accompanied with discomfort and dizziness. She also complained of 
irritation of the eyes and a lame and tired feeling in the arms. The woman had 
been a hairdresser for about three years, and for about a year she had worked 
practically every day with “cold wave” solutions. The first few months she had 
worked with these solutions she had red, swollen hands, and later the skin had 
sloughed off. This disorder subsided after she began wearing a rubber glove on 
the hand that came most into contact with the “cold wave” solutions and a finger 
stall on the most exposed finger of the other hand. 
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The author poimts out that “cold wave” solutions contain thioglycollic acid. He 
discusses the toxicity of these preparations on the basis of a report of the Food 
and Drug Administration of the United States and cites reports made by authors 
in the Netherlands. He admits that in view of the extremely wide use of these 
preparations the incidence of complications is low. In the reported case hyper- 
sensitivity played a part. It is important to use special care to avoid absorption 
of the “cold wave” solutions. 


A Srupy or tHE BLoop PHospHorvus anp Certain Lipmws Curontc CARBON 
Monoxiwe Porsonrnc. O. Herve, Ann. med. exper. et biol. Fenniae. 27:41, 
1949. 


Chronic carbon monoxide poisoning has been studied as it affects the inorganic 
phosphorus, pyrophosphate-P, hexosephosphate-P, diphosphoglyceric acid-P, total 
acid-soluble-P and total phosphorus of whole blood, plasma and erythrocytes. The 
series consisted of 17 cases. Attention was directed also to the cholesterol, ester 
cholesterol, total lipid phosphorus and ether-soluble lipid phosphorus of the plasma. 
When the results were compared with normal figures, no clear differences were seen. 


ALKyL Mercury Compounp Porsoninc: Aspect RISKS oF 
Exposure. G. AHLBORG and A. AHLMARK, Nord. med. 41:503 (March 18) 
1949. 


During the past three to four years, more than 20 cases of poisoning by 
organic mercury compounds, a few of them fatal, have been recorded in Norway. 
The present paper deals with a case in which the exposure was of a type hitherto 
not taken into consideration; i. e., it occurred in manual distribution of steeped 
seed grains. 

The initial symptoms were a feeling of numbness and anesthesia of the finger 
tips. Vertigo and speech impediments then supervened, and on examination at 
the hospital, about nine months after being exposed to methyl mercury, the patient 
presented marked ataxia, speech impediments and signs of spinal automatism. 
These symptoms became exacerbated, and when the patient was examined after 
the lapse of another half-year he proved to be in a very poor state, with ataxia, 
athetosis, patellar clonus, laughing fits, unintelligible speech and other symptoms 
typical of the condition. After treatment with 2,3-dimercaptopropanol (BAL)— 
which entailed an increase in the mercury output—there was an improvement: The 
patient now walks with support, takes his meals without assistance and writes his 
name legibly, and his speech is intelligible. The signs of spinal automatism have 


disappeared. From tHe AvutHors’ Encuisa SumMMARY. 


A MetHop or Ustnc THe Basopnitic Accrecation Test To 
THE or Leap-Exposep Workers. Epitm Larsson and Ake Swensson, 
Nord. hyg. tidskr. 9:227, 1949. 


The authors present a method of improving McCord’s basophilic aggregation 
test by the use of toluidine blue or methylene blue dye at the suitable hydrogen 
ion concentration to stain the aggregates without the erythrocytes appearing. 
The optimal pu is 5 to 6 for methylene blue and 5.7 for toluidine blue solution 
The authors believe that toluidine blue, which stains more intensely, is most suitable 
for practical use. This staining solution is stable for many weeks. The staining 
procedure is as follows: 


1, Fix half the smear in a 1 per cent solution of mercuric chloride for two 
minutes. 
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2. Stain the whole smear in a 0.75 per cent solution of toluidine blue fu 5.7 


for fifteen minutes. The slides cannot be overstained. 


3. Rinse in water. 


The authors state that the results are satisfactory and that the aggregates may 
be easily counted. The results are compared with those obtained when the reticu- 


locytes are determined by common methods. An English summary is appended. 


R. J. Suerwoov, Brookline, Mass. 


Medicine and Surgery 


Injury vs. Gout. Jonn E. Kirkeatricx, Indust. Med. & Surg. 18:464-460 
(Nov ) 1949. 


In this article the author discusses the nature of gout in order to emphasize 
that gouty arthritis and periarthritis cannot be accepted as being industrially caused 
or aggravated in cases of claims for industrial compensation. He points out that 


in his two series of 4,500 cases of industrial accidents and 6,000 private cases the 


incidence of gout is practically the same (slightly less than 1 per cent) and that when 
age, dietary history, occupation, location of gouty lesions, and blood uric acid and 


cholesterol levels are compared the cases of gout in the two groups presented no 
essential differences. In both his series gouty involvement of the bursas occurred 


much more frequently than tophi in the ears (only 1 case) or involvement of the 
great toe. He offers a brief review of the history of gout and of the present 
conception of its nature, and emphasizes the importance of considering gout in the 
diagnosis of painful conditions of joints, bursas or ligaments, both because of the 


implications respecting industrial compensation and because of the importance of 
early recognition and therapy, which may prevent incapacitation of the patient. 


BertTRAND C. Kriete, Boston. 


Cuemicat Burns or tHE Eye. W. Morton Grant, J. A. M. A. 142:152-159 
(Jan. 21) 1950. 


Chemical injury of the eye depends on the amount and the duration of exposure 
and on the reactivity between the compound and the ocular tissue. The general 
effects of substances classified as acids, alkalis, specific protein denaturants and 
selective enzyme inhibitors are given, along with specific examples of compounds 
of each type. The nature of the ocular damage depends in some instances on the 
physical rather than on the chemical properties of the compound. Detergents 
and organic solvents are discussed as examples of such compounds. A review is 


given of the responses elicited from various tissues of the eye by injurious sub- 
stances and of the fundamental physiologic and pathologic mechanisms underlying 


the changes. Immediate and adequate (half an hour) irrigation is stressed as the 
most important, and in most instances the only, helpful treatment. In the unique 
instance of arsenical compounds such as chlorovinyldichloroarsine (lewisite) early 
treatment with 2,3-dimercaptopropanol is effective. Penicillin and a lubricant are 


used later, plus any measures which render the patient comfortable and prevent 
mechanical irritation of regenerating epithelium. 


Mary O. Ampur, Cambridge, Mass. 


LACERATIONS oF THE Eye. Don Marsuatt, J. A. M. A. 142:246-249 (Jan. 28) 
1950. 


The diagnosis and evaluation of the extent of ocular injury essential for proper 
treatment may be made before first aid is given, but must be made before the 
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start of definitive therapy. Emergency action must be taken to protect the 
exposed cornea from drying and from added trauma. Cleanliness and asepsis are 
most important. The factors involved in the often difficult choice between an 
attempt to save the eye and its removal are discussed. This decision is frequently 
urgent in order to prevent the development of sympathetic ophthalmia. Details 
of the treatment of orbital fractures and of wounds of the lid, conjunctiva, cornea 
and sclera are given: Complications following ocular wounds cover almost the 


entire field of ocular surgery Mary O. Amour, Cambridge, Mass. 


ForeicN Bopies or tHe Eve. Aston J. A. M. A. 142:249-253 
(Jan. 28) 1950. 


Analysis of the location of foreign bodies that had lodged in the eyes of 192 
industrial employees showed that 77 per cent were in the cornea, 6 per cent in the 
conjunctiva and 9 per cent in the upper and 6 per cent in the lower cul-de-sac. 
Only 1 per cent was intraocular. Details of examination and various methods of 


removal are reviewed. Mary O. Amour, Cambridge, Mass. 


EMPLOYMENT Prostems Facep sy tHe Carpiac Patient. J. G. 
J. Michigan M. Soc. 48:1468 (Dec.) 1949. 


Bielawski says that at least 8,000,000 persons in the United States have some 
form of heart disease. Owing to the increasing average life span, this number 
is steadily rising, as there are more of those in whom the aging process is affecting 
the cardiovascular system. This problem concerns not only the individual patient 
with heart disease but also the entire economy and social structure, for if all these 
persons were deemed unemployable, the effects would be tremendous. The key to 
the utilization of the cardiac patient is selective job placement based on a correlation 
of job demands and physical capacity. This requires close cooperation of the 
attending physician with his knowledge of the patient's capacity and the industrial 
physician with his knowledge of job demands 

The author demonstrates on the basis of a case history the difficulties that may 
result if a patient and his private physician do not provide the industrial physician 
with adequate information when the patient returns to work after he has had a 
heart ailment. 

In order to help meet these problems, the Michigan Heart Association has 
instituted a consultation service for business and industry. This is a community- 
wide service dealing with the many problems incident to the employment of 
persons whose activities are restricted by cardiac abnormalities and is part of a 


program being developed to increase employment opportunities for such persons. 


AEROSOL TREATMENT OF ANTHRACOSILICOTIC PatrENts. M. Marsats, Bruxelles- 
méd. 29:1301-1309 (June 12) 1949. 


Environmental Conditions 


SMOKE PREVENTION ASSOCIATION OF AMERICA: Forty-Seconp ANNUAL 
MEETING, Birmingham, Ala., May 23-27, 1949. 


The first part of the report is devoted to a number of papers presenting different 
aspects of air pollution and its prevention. It is introduced by a paper outlining 
the influence of air pollution on health and the nuisance caused. This is followed 
by reports on the work carried out to reduce pollution from electric power genera- 
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tion industry, the oil industry, the steel industry, the solid fuel industry, cupola 
operation and from locomotives and roundhouses. The operation of incinerators 
to dispose of municipal waste is described, also the use of high stacks to reduce 
surface contamination. In this section there is a paper on the factors affecting 
the smokeless operation of stokers, also a review of the symposium on atmospheric 
contamination and purification held by the American Chemical Society at its Annual 
Meeting in San Francisco, March 27-28, 1949. . 

The second part of the report is a panel discussion held by the American 
Society of Mechanical Engineers in regard to suggested sections for a smoke 
regulation ordinance; seven papers were read. This is followed by a paper on the 
Illinois smokeless furnace. - 

The third part concerns the City Smoke Inspectors Conference, with three 
papers presented. 

The fourth and final part is a panel discussion on railroad locomotive smoke 
abatement, which includes papers on the education of engine crews, on the use of 
steam-air jets, on the responsibility of railroads to control their smoke, and three 
papers on the problem of control of locomotive smoke in Cincinnati, in Milwaukee 
County, and in Louisville, Ky., Nashville, Tenn., and Birmingham, Ala. 


R. J. Suerwoop, Brookline, Mass 


Hazaros or Intense Sounp AND ULtrasounp. H. Davis, H. O. Parrack and 
D. H. Evorepvce, Ann. Otol, Rhin. & Laryng. 58:732 (Sept.) 1949 


According to Davis and associates, sound waves at ultrasonic frequencies differ 
particularly from audible sound waves in their shorter wavelength, in forming 
relatively sharp sound shadows and in being attenuated more rapidly as they 
travel through air. They show that present evidence does not indicate that air- 
borne ultrasonic vibrations constitute a practical hazard to hearing or produce 
any specific effects on the nervous system or sense organs. In general, it is high 
intensities that are potentially hazardous, not high frequencies as such. Sounds 
above 120 db (decibels) stimulate the sense of touch and may cause temporary 
and possibly permanent hearing loss. Levels above 140 db are painful to the ear, 
and exposures to such levels without special protection should be avoided. 

A frequency of 6,500 ¢.p.s. (cycles per second) at 159 db caused nearly intoler- 
able pain to 1 subject and ruptured his drum membrane during a five minute 
exposure. Some high-tone hearing loss above 10,000 c.p.s. persisted after fourteen 
weeks 

The vague subjective feelings of fatigue, annoyance, irritation, etc., induced 
by very intense sound or vibration may represent nature's first warning of the 
presence of a stress that is not yet severe enough to cause more objective 
manifestations 


ArmospHertc Portution: Report ON ORSERVATIONS IN THE Five YEARS 
Enpep 3lst Marcu, 1944. ALexanpeR Munro, G. M. B. Dosson and 


4. R. Meetnam, Dept. Sc. Indust. Research 26:125, 1949. 


Tables are presented listing the regions in which the observations were made, the 
mean rates of deposit, the trend of deposited matter, measurements of sulfur and 
sulfur dioxide and records of the smoke, sulfur dioxide and available daylight 
cycles. The changes in atmospheric pollution during the war years are attributed 
to industrial changes, shift of population, local changes, military and civil defense 
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operation, change of fuel and fuel economy. There were significant decreases for 
rain, chlorides, sulfates, total dissolved matter and tarry matter and increases in 
the deposition of other carbonaceous matter and ash 


R. J. Rorm (Cuem. Asstr.). 


Tue Cuemistry or Smoc. H. H. Scurenx, Indust. Hyg. Newsletter 10:7 
(March) 1950. 


Combustion of fuels, incinerators, industrial operations, traffic, building and 
highway construction and windstorms are typical sources of atmospheric contamina- 
tion. The raw materials involved in these processes are the source of contaminants 
in smogs. Impurities in these materials may also be significant if the process is a 
large one. Analysis of the material and the process allows approximate prediction 
of the amount of contaminant that will be discharged; however, the possibility of 
oxidation and interreaction of the materials is almost unlimited, thus making the 
picture more complex. 


The Donora study provided practical experience in dealing with smogs. Sampling 


at the source of contamination provided information on substances whose concen- 
tration was of a low order of magnitude which would be more difficult to analyze 
after dilution. The relative concentration of the various constituents is valuable 
when possible physiologic effects are being considered 

Meteorologic elements, such as wind direction and speed, temperature, relative 
humidity and rainfall, were considered in the distribution of contaminants. The 
major contaminants were sulfur dioxide, total sulfur, carbon dioxide and carbon 
monoxide, none of which appeared to be the single producer of the syndrome 
observed. However, a summation of action of several of the substances may have 
been responsible. Basic research on the physiologic action of mixed gases and the 
influence of aerosols on the physiologic effects of gases is needed 


Hartanp A. Wane, Boston 


IMPORTANCE OF ILLUMINATION IN WorKING Paces. J. A. LeGnazzi, Med. 
depor. y trab. 14:2764 (Sept.) 1949. 


Determination of Air-Borne Contaminants 


CoLorIMETRIC METHOD FOR THE ESTIMATION oF Amyt AceTATE VAPORS IN THE 
Arr. H. M. Custance and M. Hucerns, Analyst 74:310, 1949 


The determination is based on the color given by AmOAc + H,SO, + 
p-dimethylaminobenzaldehyde in an alcoholic solution. As an absorbent for the 
AmOAc, alcohol proved satisfactory. The results are excellent and for low 
concentrations this colorimetric procedure is preferable to the saponification method. 
A concentration of 10 p.p.m. can be determined 


W. T. Hatt (CHem. Apstr.). 


Device TecHNIQUE FOR DeterMINATION or FLvortpes. 
Gorpon C. Harrotp and V. Analyt. Chem. 21:1504 
(Dec.) 1949. 


A filter paper test for fluorine, hydrofluoric acid and soluble inorganic fluorides 
is described. The preparation of the zirconium azobenzenearsenate-impregnated 
paper, which is brown in color, is stated in detail. Prior to sampling, the paper 
is moistened with twice-normal hydrochloric acid. The sample is drawn through 
the paper by means of a 50 cc. hand pump. If fluoride ion is present, a faint red- 
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pink develops in contrast to the original brown. Interfering sulfates and arsenates 
are negligible below 50 p.p.m. Phosphates interfere and in the same range as 
fluorides. 

To determine 3 p.p.m. of fluoride, 17 strokes (850 cc.) of the pump must 
be taken. 


Georce S. Retcuensacn Jr., Boston 


PetroGRAPHic DETERMINATION OF QUARTZ IN THE PRESENCE OF CLAYLIKE 
Minerats. Wiper D. Foster, United States Department of the Interior, 


Bureau of Mines, Report of Investigations no. 4573, November, 1949. 


In the method used in the health branch of the Bureau of Mines for petro- 
graphic identification of rock-contained quartz, it is found that during grinding 
the quartz grains are coated with kaolinite or talc if either of these is present in the 
sample. This icads to falsely low estimations of the quartz in a shale. 

The author presents a method of dispersing the minerals by adding “nuodex” 
(zinc naphthenate) to the index-of-refraction oil before grinding in an unpolished 
boron carbide mortar. 

The results of adding the zinc naphthenate are examined by comparison with 
roentgen ray diffraction determinations for 50 different samples, and it is shown that 
agreement is far closer when zinc naphthenate-oil is present. 


R. J. SuHerwoop, Brookline, Mass 


Ventilation, Air Conditioning and Engineering Control 


Review or LiveRaTURE ON CONDITIONING AIR FOR ADVANCEMENT oF HEALTH 
AND Sarety tN Mines: Part Ill. Metnons or Contro_iinc THE CHEMICAL 
AND PrysicaL QuaLities or UNperGRrounp Arr. J. J. Forpes, Sara J.’ 
Davenport AND GENEVIEVE MorGis, Bureau of Mines Information Circular 
no, 7528, October 1949, 


The first part of this review considers methods of determining (a) the chemical 
quality of mine air—dealing with the proper methods of sampling and analyzing 
gases and dusts and also giving maximum allowable concentrations and their 
significance—and (b) the physical quality—considering the determination of air 


temperature, cooling power of air, atmospheric pressure and air velocity. The 
second part deals with the control of these two qualities. Control of the chemical 
quality can be effected by ventilation, improvement of working methods and 


suppression of dust by wetting. The physical quality, particularly the high tempera- 
tures, the sources of which are examined, can be controlled by ventilation and 


refrigeration. Sixty-four references are given. 


R. J. Suerwoop, Brookline, Mass 


Waste Gases. Watter A. Scumipt, Chem. & 


Engin. News 27:3272, 1949. 


Schmidt reviews modern methods for recovering dusts and fumes from stack 
gases. He considers gravitational and inertial methods followed by filtration, 
scrubbing, electrical precipitation and ultrasonic agglomeration. 


Puivip Drinker, Boston. 
DesicNinc For Atk Purity. A. M. HavurMAnn, Heating & Ventilating 47:59 
(Jan.) 1950. 


Haufmann describes the various types of air-cleaning devices installed in an 


electronic tube plant. This installation was made in order to reduce product damage 
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from atmospheric pollution from both inside and outside the plant. In order to 
reduce the load on the cleaning units, operations creating large amounts of pollution 
were isolated and exhausted to the atmosphere. Low order contaminating areas 
had their air recirculated partially or in total, depending on the load conditions of 
the air conditioning unit. 

Test procedures are mentioned for sulfides and total dust, which were determined 
before and after installation. Satisfactory conditions resulted for electronic tube 


“ture. 
nanufacture Georce S. Reicuensacn Jr., Boston. 


Prtometer. Mervin W. First and Lestie SttverMan, Indust. Engin. 
Chem. 42:301-8, February, 1950, 


An airfoil pitometer for simultaneous measurement of flow direction, velocity 
and static pressure is described, and its performance in turbulent and streamlined 
flow is presented. Its size and sensitive angle-of-flow-indicating characteristics 
make it suitable for measuring point conditions in curved flow streams encountered 
in elbows or cyclone dust collectors. The small, double chamber type of airfoil 
pitometer has theoretic as well as experimental advantages over any existing type 


that has been previously described. 


From tHe Autuors’ SUMMARY. 


HyGrenic EVALUATION OF DECENTRALIZED VENTILATION IN SPINNING PLANT OF 
A Viscose Rayon Factory. B. V. Suarranov, V. D. Kraniret’p, L. F. 
and FE. S. Taratruta. Gigiena i Sanit. 13:27, 1949, 


It was shown that exhaust of CS,-H,S waste installed at the individual sites 
of spinning is effective in voiding the waste matter into the atmosphere when the 
exit velocity from a roof stack is 15-20 M./sec. in calm weather. Winds above 
4 M./sec. lower the effectiveness significantly so far as low altitude personnel is 
concerned. The results are given graphically. Data on conjunctivitis incidence 
are given in respect to effectiveness of such “individualized” blower installations, 
showing very favorable results if the intakes are directly above the bobbins and 
the ducts are in line with the natural convection currents at the machines. Sig- 
nificantly higher H.S concentrations are found in the immediately surrounding 
territory in the summer than in fall months, but the over-all level is very low 
(about 1 per cent of exit concentration) if small-diameter high-velocity exhaust 
stacks are used, since they promote higher air turbulence and better dilution by 


the atmosphere. G. M. Koso.caporr (Cuem. Apstr.) 
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News and Comment 


COURSE IN INDUSTRIAL HYGIENE AND HUMAN RELATIONS 
FOR SAFETY PERSONNEL 


The University of Michigan School of Public Health is offering an inservice 
training course in Industrial Hygiene and Human Relations for Safety Personnel 
on June 19, 20 and 21, 1950. The subjects covered will include sanitation, plant 
layout, plant skin hazards and industrial health problems, such as toxic metals, 
dusts and gases. Application for enrolment in the course should be submitted by 
letter addressed to H. E. Miller, School of Public Health, 109 South Observatory 
Street, Ann Arbor, Mich. The enrolment fee is $5.00. 


POSTGRADUATE TRAINING PROGRAM 


General Motors Corporation, in cooperation with the University of Michigan, 
has inaugurated a postgraduate training program in industrial health technic for 
young physicians who have completed their internships. Under the program the 
physicians will be in the employ of General Motors for twelve months, eight of 
which will be served in the medical departments of General Motors Corporation 
and four at the University of Michigan School of Public Health. Further infor- 
mation may be secured from the General Motors Medical Director, General 
Motors Building, Detroit. 


AMERICAN ASSOCIATION OF INDUSTRIAL DENTISTS 


Che annual meeting of the American Association of Industrial Dentists will 
be held at the Hotel Sherman, Chicago, April 25, 26 and 27. There will be 
papers, conferences and discussions on dental health programs in industry, and a 
tour of an industrial plant having a dental installation is scheduled. 


REVISED EDITION OF MOTION PICTURE REVIEWS NOW AVAILABLE 


The Committee on Medical Motion Pictures of the American Medical Asso- 
ciation has completed the second revised edition of the booklet entitled “Reviews 
of Medical Motion Pictures.” This booklet now contains 225 reviews of medical 
and health films reviewed in The Journal of the American Medical Association 
to Jan. 1, 1950. Each film has been indexed according to subject matter. The 
purpose of these reviews is to provide a brief description and an evaluation of 
motion pictures which are available to the medical profession. Each film is 
reviewed by competent authorities, and every ‘effort has been made to publish 
frank, unbiased comments. Copies are available at a cost of 25 cents each from: 
Order Department, American Medical Association, 535 North Dearborn Street, 
Chicago 10, TL. 
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Book Reviews 


Médecine du travail. By C. Simonin. Pp. 913, with 154 illustrations. Maloine 

et fils, 27 Rue de |’Ecole-de-Médecine, Paris 6*, 1949 

This book is written jointly by the medical faculty and the staff of the office 
of industrial hygiene of the University of Strasbourg 

Thanks to Professor Simonin, who wrote some of the chapters of the book, a 
unity in the writing and presentation is well kept. 


The writer of the foreword explains the double importance of industrial medicine 
and the studies leading to the Master's Degree in Industrial Health: 1. The 
doctor is the medical tutor of the employee and the defender of his health. 2. He 
is the indirect stimulus to better production and a great factor in social solidarity 
between employer and employee. Since 1946 industrial health has become legally 
organized—a full time medical officer is required for every 1,500 to 3,000 employees, 
depending on the type of industry involved. 

This book has chapters on the physiology of work and on industria! pathology. 
It devotes space to the physical, chemical, mechanical and biologic agents, and 
finally to the protection of the employee from a professional and legal standpoint. 
At the end of the book the organization of the medical department of an industrial 
plant is discussed. This book, in which the subject matter is competently presented, 
fills remarkably well a gap in the French literature on the subject 


A 


Demerre, M.D 

The Analytical Chemistry of Industrial Poisons, Hazards and Solvents. 
By Morris B. Jacobs. Second edition. Pages 806. Price $12. Interscience 
Publishers, Inc., 215 4th Ave. New York 3, 1949 


I reviewed this book in its first edition (J. Indust. Hyg. & Toxicol. 23:413, 
1941). In the second edition it has been considerably enlarged and revised, and 
has been brought up to date on several methods of determination. Material on 
the analysis of chemical warfare agents has been deleted from the second edition, 
but some information on the determination of radioactive material has been pre- 
sented. The author is to be commended for having included most of the methods 
recently developed for the analysis of industrial gases and particulate matter. He 
includes practically all the new analytic methods developed between 1941 and 1948 
Mention is also made of methods and equipment which have appeared quite recently. 

The criticism offered in the previous review of this book, namely, that it is 
noncritical with regard to most of the methods presented, is still applicable. It 
leaves the choice of a method of analysis to the analyst without any attempt to 
describe the advantages or the limitations in detail. The reviewer recognizes that 
in a field which expands as rapidly as this it is difficult to incorporate and judge 
all the newest methods, and for this reason he believes that the author has done 
an admirable job in covering the available literature 


Lestre SILVERMAN 


Bibliography of Occupational Medicine. Price $1. International Labor 
Office, 1825 Jefferson Place, Washington 6, D. C., District 8736, 1948 


Under the title “Bibliography of Occupational Medicine” the International 
Labor Office is resuming publication of its international index of major books and 
articles dealing with all aspects of industrial health and welfare 
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The current volume covers the year 1948. The subjects are classified under 
such general headings as occupational medicine, medicine of accidents, industrial 
hygiene, social medicine and hygiene, rehabilitation, social insurance, analytic 
methods, laboratory toxicologic studies. It includes an author index and a subject 
index. 

The titles are given in the original language except in cases in which a secondary 
source is indicated. If the language is English, French, German, Italian or Spanish, 
no translation is given, but titles in other languages are followed by an English 
and a French translation. 

It is intended to issue future numbers of the bibliography on a quarterly basis 

The price of the 1948 volume is $1.00. Future issues will be available on 
subscription at $1.00 a year. 


Industrial Hygiene and Toxicology. Frank A. Patty, editor. Two volumes: 
Volume 1: Pp. 531. Price $10. Volume 2: Pp. 1138. Price $15. Inter- 
science Publishers, Inc., 215 4th Ave., New York 3, 1949. 


The first volume was reviewed in the Journal of Industrial Hygiene and To-xi- 
cology (81:121, 1949), 

The second volume appeared recently, and of it Mr. Patty states that it “stresses 
the properties and physiological action of atmospheric contaminants, describes 
industrial exposures, touches upon specific analytical methods, and discusses per- 
missible concentrations, flammability, odors, and warning properties. The last 


chapter is devoted to the recognition and control of industrial exposures.” 
The chapters and authors in this volume are as follows: 
XVI. The Halogens. By Francis F. Heyroth, M.D. 
XVIL. Alkaline Materials. By Frank A. Patty. 
XVIIL Arsenic, Phosphorus, Selenium, Sulfur, and Tellurium. By Frank A 
Patty. 
XIX. Compounds of Oxygen, Nitrogen, and Carbon. By Frank A. Patty. 
XX. The Cyanides and Cyanogen Compounds. By James H. Sterner, M.D. 
XXI. Industrial Lead Poisoning. By Robert A. Kehoe, M.D 
XXIL. The Metals (Except Lead). By Francis F. Heyroth, M.D. 
XXILLL. The Aliphatic Hydrocarbons. By Frank A. Patty. 
XXIV. Aromatic and Cyclic Hydrocarbons. By Frank A. Patty. 
XXV. Halogenated Hydrocarbons. By James H. Sterner, M.D. 
XXVI. The Alcohols. By J. F. Treon Jr 
XXVII. Organic Acids. By James H. Sterner, M.D. 
XXVIIL. The Esters. By James H. Sterner, M.D. 
XXIX. The Aldehydes. By James H. Sterner, M.D. 
XXX. The Ketones. By Frank A. Patty 
XXXI. Ethers, Glycols and Glycol Ethers. By Frank A. Patty. 
XXXIL. Aliphatic Nitro, Diazo, and Amino Compounds. By James H. Sterner, 
M.D 
XXXIII. Nitro and Amino Compounds of the Aromatic Series. By Donald B. 
Hamblin, M.D 
XXXIV. Phenol and Phenolic Compounds. By William B. Deichmann. 
XXXV. Potential Exposures in Industry: Their Recognition and Control. By 
Frank A. Patty and Francis R. Holden 
Like the first volume, the second is encyclopedic in character with very com- 
plete data on physical, biochemical and physiologic properties of the numerous 
elements and compounds listed. The collective indexes to the two volumes appear 
at the end of this second volume, but a separate index of the first volume has 


already appeared with that volume alone. . 
Putte Drinker. 
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Potent therapeutic agents may be two-edged swords—clinical efficacy coupled with 
varying degrees of toxicity. CHLOROMYCETIN is a powerful sword with a single 
edge. It exerts a remarkable antibiotic effect on a wide range of infections (including 
many unaffected by penicillin, streptomycin or the sulfonamides). At the same time, 
it is unusually well tolerated. Published reports emphasize its relative innocuousness. 


NO significant untoward effects in patients who received chloram- 


phenicol under our care.” 


a 


Smadel, J. E.: J.A.M.A, 142:315, 1950 (discussion) 


“ 
NO evidence of renal irritation ....No impairment of renal function. 
.-. No changes in the red-cell or white cell series of the blood . . . nor did jaundice occur. 
..- Drug fever was not observed . . . side effects were slight and infrequent.” 


Hewitt, W. L., and Williams, B., Jr.: New England J. Med. 242:119, 1950 


NO toxic reactions or signs of intolerance were observed.” 


Payne, E. H.; Knaudt, J. A., and Palacios, S,: J. Trop. Med. & Hyg. 51:68, 1948 


NO symptoms or signs of toxic effects attributable to the drug 
were observed.” 


Ley, H. L., Jr.; Smadel, J. E., and Crocker, T.: Proc. Soc. Exper. Biol. & Med, 68:9, 1948 


CHLOROMYCETIN 


CHLORAMPHENICOL, PARKE-DAVIS 


CHLOROMYCETIN is effective orally in urinary tract infections, 
bacterial and atypical primary pneumonias, acute undulant fever, 
typhoid fever, other enteric fevers due to salmonellae, dysentery 
(shigella), Rocky Mountain spotted fever, typhus fever, scrub typhus, 
granuloma inguinale, and lymphogranuloma venereum. 


PACKAGING: 
CHLOROMYCETIN is 
supplied in Kapseals® 
of 0.25 Gm, 
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LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


Child 
Health 


Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 
15 cents. 


What Does Your Baby Put in His Mouth? Chevalier 

Jackson and Chevalier L. Jackson. Tells how to pre- 
j vent accidents from choking and what to do if they 
happen. 24 pages. 10 cents 


Keeping Your Baby Well. 22 pages. 


The Case of the Crying Baby. Herman M. Jahr. 4 pages 
16 cents 


What te De About Thumb Sucking. William I. Fishbein. 
6 pages. 10 cents. 


10 cents. 


Lefthandedness. Paul Popenoe. 


Adoption. W. Allison Davis and Theo Carlson. An 
understanding discussion of the best ways to adopt 
children and rear them. 12 pages. 15 cents. 


Protecting Your Child from Allergy. William Gayle 
Roberts. 8 pages. 10 cents. 


The Facts About Sex. Audrey McKeever. 16 pages. 
15 cents, 


8 pages. 10 cents. 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. @ Chicago 10 


Your experience exchange for the field of Skin 
Diseases and Syphilis—A valuable guide in your 
Practice—Archives of Dermatology & Syphilology 


SIGNIFICANT DEVELOPMENTS reported monthly to the 
specialist and the physician in general practice. From 


hospitals, clinics and government treatment centers here 
ARCHIVES OF DERMATOLOGY AND 
SYPHILOLOGY gathers news of current trends in treat- 
ment and diagnosis, group case studies, clinical notes and 


conditions syphilis. Well 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10, Illinois 


Please Begin My Subscription to Archives of Dermatology and 
Syphilology with the Next Issue 


..M.D 
STREET 
AND STATE 


i $12.00 YEARLY 
$15.50 FOREIGN $12.40 CANADIAN 
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POWDERED SOAP 
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q 
comment on cutaneous DDD 
Ably edited. 


DOCTOR, YOUR OWN 
NOSE PROVES IN SECONDS 


PHILIP MORRIS 
ARE LESS IRRITATING! 


YOU KNOW of the published clinical and laboratory 
studies* which have shown PHILIP Morris Cigarettes 
to be less irritating. BUT NOW — in seconds— YOU 
CAN MAKE YOUR OWN TEST... simple but 
convincing. Won't you try it? 


L .. light up a Puitip Morris 


Take a puff — DON’T INHALE. Just 
s-l-o-w-l-y let the smoke come through your 
nose. AND NOW... 


Z ... light up your present brand 
DON'T INHALE. Just take a puff and 
s-l-o-w-l-y let the smoke come through your 
nose. Notice that bite, that sting? Quite a 
difference from PHILIP MorRIs! 


With proof so conclusive, would it not be good practice 
to suggest PHILIP MORRIS to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc. 
100 Park Avenue, New York 17, N. Y. 


*Proc. Soc. Exp. Biol. and Med., 1934, 32. 241-245; N. Y. State Journ. Med., 
Vol, 35, 61-25, No. 11, 390-592; Laryngoicope, Feb. 1935, Vol. XLV, No. 2, 
149-154; Laryngoscope, 1937, Vol. XLVI, No. 1, 58-60 


4 
= 
ag 
a 
4 
4 fs 
J 
P 
4 
q 
a 
4 | 
| 
q 
. 
3 
. Fa 
‘ 
7 
| 
‘ 


* THOSE FIRST SEX 7 
oe A Series of Five Modern Booklets 
For parents of little children. 
Wholesome home life, char- FOR YOUNG PEOPLE 
acter training and accurate wa A 
answers to first sex questions by Thurman B. Rice, M.D. 
are fundamental 
«THE STORY OF LIFE Written by Dr. Rice, physician, 
For boys and girls, ten years = public health official, teacher and 
of age. telling them how the * 
young come to plants, ani- father, Frank, but not sensa- 
tale, and human parents tional. Progressive viewpoints 
* IN TRAINING d 
For boys of high schoo! age, stressed, while fundamenta 
interpreting their adolescent principles are maintained. These § 


development in terms of ath- 
letic and other achievements pamphlets may first be read by 


* HOW LIFE GOES ON parents, then given children 


For girls of high school age. according to age. Attractively 
Their role as mothers of the g £ ttracti 


men of tomorrow printed. 

* THE AGE OF ROMANCE 

For young men and women, 25¢ each. Complete set of five in special filing case, $1.00. 
dealing with the problem as Heavy paper covers. Illustrated 


@ unit for both sexes. AMERICAN MEDICAL ASSOCIATION, 535 N. Dearborn, Chicago 10 


SUPPLEMENT to EXPERIENCE 
Archives of Internal Medicine 


UNDER some circumstances, sometime in his career, practically every 
physician becomes an internist. Contact with forward-moving practices 
and opinions in the internal medicine field supplies confirmation and 
supplements experience for both the specialist and the physician in 
general practice. 


Comprehensive original articles, case reports, clinical studies, progress 
reports, correspondence, news and comment, book reviews. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois. 


Able editorial leadership. Please Begin My Subscription to Archives of Internal 


Medicine with the Next Issue 

M.D 
STREET 
& STATE 


Outstanding contributions. 


CITY 


$10.00 YEARLY 
$11.00 FOREIGN $1040 CANADIAN 
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